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Preface  to  the  Fifth  Edition. 


TN  preparing  the  present  edition  of  this  work,  the  general 
-*-  plan  and  arrangement  of  the  previous  editions  have  been 
retained,  so  far  as  they  have  been  found  useful  and  adapted  to 
the  purposes  of  a  text-book  for  students  of  medicine.  The 
incessant  advance  of  all  the  natural  and  physical  sciences,  never 
more  active  than  within  the  last  few  years,  has  furnished  many 
valuable  aids  to  the  special  investigations  of  the  physiologist ; 
and  the  progress  of  physiological  research,  during  the  same 
period,  has  required  a  careful  revision  of  the  entire  work,  and 
the  modification  or  re-arrangement  of  many  of  ita  parts.  At 
this  day,  nothing  is  regarded  as  of  any  value  in  natural  science 
which  is  not  based  upon  direct  and  intelligible  observation  or 
experiment;  and  accordingly  the  discussion  of  doubtful  or 
theoretical  questions  has  been  avoided,  as  a  general  rule,  in  the 
present  volume,  while  new  facts,  from  whatever  source,  if  fiiUy 
established,  have  been  added  and  incorporated  with  the  results 
of  previous  investigation.  A  number  of  new  illustrations  have 
been  introduced,  and  a  few  of  the  older  ones,  which  seemed  to 
be  no  longer  useful,  have  been  omitted.  In  all  the  clianges  and 
additions  thus  made,  it  has  been  the  aim  of  the  writer  to  make 
the  book,  in  its  present  form,  a  faithful  exponent  of  the  actual 
condition  of  physiological  science. 

N«w  YoBx,  October,  1871. 
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HUMAN    PHYSIOLOGY. 


INTRODUCTION. 

I.  Phtsioloqy  is  the  study  of  the  phenomena  presented  by 
organized  bodies,  animal  and  vegetable. 

These  phenomena  are  different  from  those  presented  by  inorganic 
substances.  They  require,  for  their  production,  the  existence  of 
peculiarly  formed  animal  and  vegetable  organisms,  as  well  as  the 
presence  of  various  external  conditions,  such  as  warmth,  light,  air, 
moisture,  &c. 

They  are  accordingly  more  complicated  than  the  phenomena  of 
the  inorganic  world,  and  require  for  their  study,  not  only  a  pre- 
vious acquaintance  with  the  laws  of  chemistry  and  physics,  but,  in 
addition,  a  careful  examination  of  other  characters  which  are  pecu- 
liar to  them.  ^ 

These  peculiar  phenomena,  by  which  wo  so  readily  distinguish 
living  organisms  from  inanimate  substances,  are  called  Vital  pheno- 
mena, or  the  phenomena  of  Life.  Physiology  consequently  includes 
the  study  of  all  these  phenomena,  in  whatever  order  or  species  of 
organized  body  they  may  originate. 

We  find,  however,  upon  examination,  that  there  are  certain 
general  characters  by  which  the  vital  phenomena  of  vegetables 
resemble  each  other,  and  by  which  they  are  distinguished  from  the 
vital  phenomena  of  animals.  Thus,  vegetables  absorb  carbonic 
acid,  and  exhale  oxygen ;  animals  absorb  oxygen,  and  exhale  car- 
bonic acid.  Vegetables  nourish  themselves  by  the  absorption  of 
unorganized  liquids  and  gases,  as  water,  ammonia,  saline  solutions, 
&c.;  animals  require  for  their  support  animal  or  vegetable  sub- 
stances as  food,  such  as  meat,  fruits,  milk,  &c.  Physiology,  then, 
«  (  33  ) 
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is  riftiurally  divided  into  two  parts,  viz.,  Vegetable  Physiology,  and 
Animal  Physiology, 

Again,  the  diflerent  groups  and  species  of  animals,  while  they 
resemble  each  other  in  their  general  characters,  are  distinguished 
by  certain  minor  differences,  both  of  structure  and  function,  "which 
require  a  special  study.  Thus,  the  physiology  of  fishes  is  not 
exactly  the  same  with  that  of  reptiles,  nor  the  physiology  of  birds 
with  that  of  quadruped.s.  Among  the  warm-blooded  quadrupeds^ 
tlie  carnivora  absorb  more  oxygen,  in  proportion  to  the  carbonic 
acid  exhaled,  than  the  herbivora.  Among  the  herbivorous  quad- 
rupeds, the  process  of  digestion  is  comparatively  simple  in  the 
torse,  while  it  is  complicated  in  the  ox,  and  other  ruminating  ani- 
mals. There  is,  therefore,  a  special  physiologj'  for  every  distinct 
species  of  animal. 

IIl'MAX  Physiology  treats  of  the  vital  phenomena  of  the  human 
.species.  It  is  more  practically  important  than  the  physiology  of 
the  lower  animals,  owing  to  its  connection  with  human  pathology 
and  therapeutics.  But  it  cannot  be  made  the  exclusive  subject  of 
our  study;  for  the  special  physiology  of  the  human  body  cannot 
be  properly  understood  without  a  previous  acquaintance  with  the 
vital  phenomena  common  to  all  animals,  and  to  all  "vegetables; 
beside  which,  there  are  many  physiological  questions  that  require 
for  their  solution  experiments  and  observations,  which  can  only  be 
made  upon  the  lower  animals. 

While  the  following  treatise,  therefore,  has  for  its  principal  sub- 
ject the  study  of  Human  Physiology,  this  will  be  illustrated,  when- 
ever it  may  be  required,  by  what  we  know  in  regard  to  the  "vital 
phenomena  of  vegetables  and  of  the  lower  animals. 
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IT.  Since  Physiology  is  the  study  of  the  active  phenomena  of 
living  bodies,  it  requires  a  previous  acquaintance  with  their  struc 
ture.  and  with  the  substances  of  which  they  are  composed;  that  is, 
witli  their  anatomy. 

Anatomy,  again,  requires  a  previous  acquaintance  with  inorganic 
substances ;  since  some  of  these  inorganic  substances  enter  into  the 
composition  of  the  body.  Chloride  of  sodium,  for  example,  water, 
and  phosphate  of  lime,  are  component  parts  of  the  animal  frame, 
and  therefore  require  to  be  studied  as  such  by  the  anatomist. 
Now  the.se  inorganic  substances,  when  placed  under  the  requisite 
external  conditions,  present  certain  active  phenomena,  which  are 
characteristic  of  tliem,  and   by  which    they  may  be   recognized. 
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Thus  lime,  dissolved  in  water,  if  brought  into  contact  with  car- 
bonic acid,  alters  its  condition,  and  takes  part  in  the  formation  of 
an  insoluble  substance,  carbonate  of  lime,  which  is  thrown  down 
as  a  deix>sit.  A  knowledge  of  such  chemical  reactions  as  these  is 
necessary  to  the  anatomist,  since  it  is  by  them  that  he  is  enabled  to 
recognize  the  inorganic  substances,  forming  a  part  of  the  animal 
body. 

It  is  important  to  observe,  however,  that  a  knowledge  of  these 
reactions  is  necessary  to  the  anatomist  only  in  order  to  enable  him 
to  judge  of  the  presence  or  absence  of  the  inorganic  substances  to 
which  they  belong.  It  is  the  object  of  the  anatomist  to  make  him- 
self acquainted  with  every  constituent  part  of  the  body.  Those 
parts,  therefore,  which  cannot  be  recognized  by  their  form  and 
texture,  he  distinguishes  by  their  chemical  reactions.  But  after- 
ward, he  has  no  occasion  to  decompose  them  further,  or  to  make 
them  enter  into  new  combinations ;  for  he  only  wishes  to  know 
these  substances  as  they  exist  in  the  body,  and  not  as  they  may  exist 
under  other  conditions. 

The  unorganized  substances  which  exist  in.  the  body  as  compo- 
nent parts  of  its  structure,  such  as  chloride  of  sodium,  water,  phos- 
phate of  lime,  &c.,  are  called  the  proximate  principles  of  the  body. 
Mingled  together  in  certain  proportions,  they  make  up  the  animal 
fluids,  and  associated  also  in  a  solid  form,  they  constitute  the  tissues 
and  organs,  and  in  this  way  make  up  the  entire  frame. 

Anatomy  makes  us  acquainted  with  all  these  component  parts  of 
the  body,  both  solid  and  fluid.  It  teaches  us  the  structure  of  the 
body  in  a  state  of  rest ;  that  is,  just  as  it  would  be  after  life  had 
suddenly  ceased,  and  before  putrefaction  had  begun.  On  the  other 
hand.  Physiology  is  a  description  of  the  body  in  a  state  of  activity. 
It  shows  us  its  movements,  its  growth,  its  reproduction,  and  the 
chemical  changes  which  go  on  in  its  interior ;  and  in  order  to  com- 
prehend these,  we  must  know,  beforehand,  its  entire  mechanical, 
textural,  and  chemical  structure. 

It  is  evident,  therefore,  that  the  description  of  the  proximate  prin- 
ciples, or  the  chemical  substances  entering  into  the  constitution  of 
the  body,  is,  strictly  speaking,  a  part  of  Anatomy.  But  there  are 
many  reasons  why  this  study  is  more  conveniently  pursued  in  con- 
nection with  Physiology;  for  some  of  the  proximate  principles  are 
derived  directly,  as  we  shall  hereafter  show,  from  the  external  world, 
and  some  are  formed  from  the  elements  of  the  food  in  the  process 
of  digestion ;  while  most  of  them  undergo  certain  changes  in  the 
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interior  of  the  body,  wliich  result  in  the  formation  of  new  sub- 
stances; all  these  active  phenomena  belonging  necessarily  to  the 
domain  of  Physiology. 

The  description  of  the  proximate  principles  of  animals  and  vege- 
tables will  therefore  be  introduced  into  the  following  pages. 

The  description  of  the  minute  structures  of  the  body,  or  3firro- 
nc  Anatomy,  is  also  so  closely  connected  with  some  parts  of  Phy- 
siology as  to  make  it  convenient  to  speak  of  them  together ;  and 
this  will  accordingly  be  done,  whenever  the  nature  of  the  subject 
may  make  it  desirable. 


m.  The  study  of  Physiology,  like  that  of  all  the  other  natural 
sciences,  is  a  study  of  ]»heuome)ta,  and  of  phenomena  aloue.  The 
essential  nature  of  the  vital  processes,  and  their  ultimate  causes, 
are  questions  which  are  beyond  the  reach  of  the  physiologist,  and 
cannot  be  determined  by  the  means  of  investigation  which  are  at 
his  disposal. 

Consequently,  all  efforts  to  solve  them  will  only  serve  to  mislead 
the  investigator,  and  to  distract  his  attention  from  the  real  subject 
of  examination.  Much  time  has  been  lost,  for  example,  in  discuss- 
ing the  probable  reason  why  menstruation  returns,  in  the  human 
female,  at  the  end  of  every  four  weeks.  But  the  observation  of 
nature,  which  is  our  only  means  of  scientific  investigation,  cannot 
throw  any  light  on  this  pt^int,  but  only  shows  us  the  fact  that  men- 
struation does  really  occur  at  the  above  period.*?,  together  with  the 
phenomena  which  accompany  it,  anil  the  conditions  under  which  it 
is  hastened  or  retarded,  and  increased  or  diminished,  in  intensity, 
duration,  &c.  If  we  employ  ourselves,  consequently,  in  the  discus- 
sion of  the  reai^on  above  mentioned,  we  shall  only  become  involved 
in  a  network  of  hypothetical  surmises,  which  can  never  lead  to  any 
definite  result.  Our  time,  therefore,  will  be  much  more  profitably 
devoted  to  the  study  of  the  above  phenomena,  which  can  be  learned 
from  nature,  and  which  constitute  afterward,  a  permanent  acquisi- 
tion. 

The  physiologist,  accordingly,  confines  himself  strictly  to  the 
study  of  the  vital  phenomena,  their  characters,  their  frequency, 
their  regularity  or  irregularity,  and  the  conditions  under  which 
they  originate. 

When  he  has  discovered  that  a  certain  phenomenon  always  takes 
place  in  tte  presence  of  certain  conditions,  he  has  established  what 
is  called  a  general  principle,  or  a  Law  of  Physiology. 


INTRODUCTION.  37 

As,  foE  example,  when  he  has  ascertained  that  sensation  and 
motion  occupy  distinct  situations  in  every  part  of  the  nervous 
system. 

This  "  Law,"  however,  it  must  be  remembered,  is  not  a  discovery 
by  itself,  nor  does  it  give  him  any  new  information,  but  is  simply 
the  expression,  in  convenient  and  comprehensive  language,  of  the 
facts  with  which  he  is  already  acquainted.  It  is  very  dangerous, 
therefore,  to  make  these  laws  or  general  principles  the  subjects  of 
our  study  instead  of  the  vital  phenomena,  or  to  suppose  that  they 
have  any  value,  except  as  the  expression  of)  previously  ascertained 
facts.  Such  a  misconception  would  lead  to  bad  practical  results. 
For  if  we  were  to  observe  a  phenomenon  in  discordance  with  a 
'law"  or  '* principle,"  we  might  be  led  to  neglect  or  misinterpret 
the  phenomenon,  in  order  to  preserve  the  law.  But  this  would 
be  manifestly  incorrect.  For  the  law  is  not  superior  to  the  phe- 
nomenon, but,  on  the  contrary,  depends  upon  it,  and  derives  its 
whole  authority  from  it.  Such  mistakes,  however,  have  been  re- 
peatedly made  in  Physiology,  and  have  frequently  retarded  its 
advance. 

lY.  There  is  only  one  means  by  which  Physiology  can  be 
studied :  that  is,  the  observation  of  nature.  Its  phenomena  cannot 
be  reasoned  out  by  themselves,  nor  inferred,  by  logical  sequence, 
from  any  original  principles,  -nor  from  any  other  set  of  phenomena 
whatever. 

In  Mathematics  and  Philosophy,  on  the  other  hand,  certain  truths 
are  taken  for  granted,  or  perceived  by  intuition,  and  the  remainder 
afterward  derived  from  them  by  a  process  of  reasoning.  But  in 
Physiology,  as  in  all  the  other  natural  sciences,  there  is  no  such 
starting  point,  and  it  is  impossible  to  judge  of  the  character  of  a 
phenomenon  until  after  it  has  been  observed.  Thus,  the  only  way 
to  learn  what  action  is  exerted  by  nitric  acid  upon  carbonate  of 
soda  is  to  put  the  two  substances  together,  and  observe  the  changes 
which  take  place ;  and  all  our  knowledge  of  the  properties  of  these 
two  bodies  is  derived  from  this  and  similar  experiments. 

Neither  can  we  infer  the  truths  of  Physiology  from  those  of 
Anatomy,  nor  the  truths  of  one  part  of  Physiology  from  those  of 
another  part ;  but  all  must  be  ascertained  directly  and  separately 
by  observation. 

For,  although  one  department  of  natural  science  is  almost  always 
a  necessary  preliminary  to  the  study  of  another,  yet  the  facts  of 
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the  latter  can  never  he  in  tlie  least  degree  in/erred  from  those  of  the 
former,  hut  must  he  studied  hy  themselves. 

Thus  Chemistry  is  essential  to  Anatomy,  because  certain  sub- 
stances, as  we  have  already  shown,  belonging  to  Chemistry,  such 
as  chloride  of  sodium,  occur  as  constituents  of  the  animal  body. 
Chemistry  teaches  ua  the  composition,  reactions,  mode  of  crystal- 
lization, solubility,  &c.,  of  chloride  of  sodium;  and  if  we  did  not 
know  these,  we  could  not  extract  it,  or  recognize  it  when  extracted 
from  the  bo<ly.  But,  however  well  we  might  know  t)ve  chemistry 
of  this  substance,  we  could  never,  on  that  account,  infer  its  presence 
in  the  body  or  otherwise,  nor  in  what  quantities  nor  in  what  situa- 
tions it  would  present  itself.  These  facts  must  be  ascertained  for 
themselves,  by  liirect  investigation,  as  a  part  of  anatomy  prui)er. 

So,  again,  the  structure  of  the  body  in  a  state  of  rest,  or  its 
anatomy,  is  to  be  first  understood ;  but  its  active  phenomena  or  ita 
physiology  must  then  be  ascertained  by  direct  observation  and 
experiment.  The  most  intimate  knowledge  of  the  minute  struc- 
ture of  the  muscular  and  nervous  fibres  could  not  teach  us  any- 
thing of  their  j>hysiology.  It  is  only  by  experiment  that  we 
ascertain  one  of  them  to  be  contractile,  the  other  sensitive. 

Many  of  the  phenomena  of  life  are  chemical  in  their  character, 
and  it  is  requisite,  therefore,  that  the  physiologist  know  the  ordi- 
nary chemical  properties  of  the  subsUiuces  composing  the  animal 
frame.  But  no  amount  of  pre\'ious  chemical  knowledge  will 
enable  him  to  foretell  the  reactions  of  any  chemical  substance  in 
the  interior  of  the  body ;  because  the  jieculiar  conditions  under 
which  it  is  there  placed  modify  these  reactions,  as  an  elevation  or 
depression  of  temirerature,  or  other  external  circumstance,  might 
modify  them  outside  the  body. 

We  must  not,  therefore,  attempt  to  deduce  the  chemical  phe- 
nomena of  physiology  from  any  previously  established  facts,  since 
these  are  no  sale  guide;  but  must  study  them  by  themselves,  and 
depend  for  our  knowledge  of  them  upon  direct  observation  alone. 


V.  By  the  term  Vital  phenomena,  we  mean  those  phenomena 
which  are  manifested  in  the  living  body,  and  which  are  character- 
istic of  ita  functions. 

Some  of  these  phenomena  are  physical  or  mechanical  in  their 
character;  as,  for  example,  the  play  of  the  articulating  surfaces 
upon  each  other,  the  balancing  of  the  spinal  column  with  ita  ap- 
]>endages,  the  action  of  the  elastic  ligaments.    Nevertheless,  these 
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phenomena,  though  strictly  physical  in  character,  are  often  entirely 
peculiar  and  different  from  those  seen  elsewhere,  because  the  me- 
chanism of  their  production  is  peculiar  in  its  details.  Thus  the 
human  voice  and  its  modulations  are  produced  in  the  larynx,  in 
accordance  with  the  general  physical  laws  of*  sound;  but  the 
arrangement  of  the  elastic  and  movable  vocal  chords,  and  their 
relations  with  the  columns  of  air  above  and  below,  the  moist  and 
flexible  mucous  membrane,-  and  the  contractile  muscles  outside,  are 
of  such  a  special  character  that  the  entire  apparatus,  as  well  as  the 
sounds  produced  by  it,  is  peculiar ;  and  its  action  cannot  be  properly 
compared  with  that  of  any  other  known  musical  instrument. 

In  the  same  manner,  the  movements  of  the  heart  are  so  compli- 
cated and  remarkable  that  they  cannot  be  comprehended,  even  by 
one  who  is  acquainted  with  the  anatomy  of  the  organ,  without  a 
direct  examination.  This  is  not  because  there  is  anything  essen- 
tially obscure  or  mysterious  in  their  nature,  for  they  are  purely 
mechanical  in  character ;  but  because  their  conditions  are  so  pecu- 
liar, owing  to  the  tortuous  course  of  the  muscular  fibres,  their 
arrangement  in  interlacing  layers,  their  attachments  and  relations, 
that  their  combined  action  produces  an  effect  altogether  peculiar, 
and  one  which  is  not  similar  to  anything  outside  the  living  body. 

A  very  large  and  important  class  of  the  vital  phenomena  are 
those  of  a  chemical  character.  It  is  one  of  the  characteristics  of 
living  bodies  that  a  succession  of  chemical  actions,  combinations 
and  decompositions,  is  constantly  going  on  in  their  interior.  It  is 
one  of  the  necessary  conditions  of  the  existence  of  every  animal 
and  every  vegetable,  that  it  should  constantly  absorb  various  sub- 
stances from  without,  which  undergo  different  chemical  alterations 
in  its  interior,  and  are  finally  discharged  from  it  under  other  forms. 
If  these  changes  be  prevented  from  taking  place,  life  is  immediately 
extinguished.  Thus  animals  constantly  absorb,  on  the  one  hand, 
water,  oxygen,  salts,  albumen,  oil,  sugar,  &c.,  and  give  up,  on  the 
other  hand,  to  the  surrounding  media,  carbonic  acid,  water,  ammonia, 
urea,  and  the  like ;  while  between  these  two  extreme  points,  of  ab- 
sorption and  exhalation,  there  take  place  a  multitude  of  different 
transformations  which  are  essential  to  the  continuance  of  life. 

Some  of  these  chemical  actions  are  the  same  with  those  which 
are  seen  outside  the  body ;  but  most  of  them  are  entirely  peculiar, 
and  do  not  take  place,  and  cannot  be  made  to  take  place,  anywhere 
else.  This,  again,  is  not  because  there  is  anything  particularly 
mysterious  or  extraordinary  in  their  nature,  but  because  the  con- 


INTRODUCTION. 


ditions  necessary  for  their  accnmplishmejit  exist  in  the  body,  and 
do  not  exist  ekewhere.  All  cliemical  i>licnomena  are  liable  to  be 
modified  by  surrounding  conditions.  Many  reuclions,  for  example, 
which  will  take  place  at  a  high  temperature,  will  not  take  place  at 
a  low  temperature,  and  vice  vtrsii.  Some  will  take  place  in  the  light, 
but  not  in  the  dark ;  others  will  take  place  in  tbe  dark,  but  not  in 
the  light.  Because  a  chemical  reaction,  therefore,  takes  place  under 
one  set  of  conditions,  we  cannot  be  at  all  sure  that  it  will  take  place 
under  others,  which  are  different. 

The  chemical  conditions  of  the  living  body  are  exceedingly  com- 
plicated. In  the  animal  solids  and  fluids  there  are  many  substances 
mingled  together  in  varying  quantities,  which  modify  or  interfere 
with  each  other's  reactions.  New  substances  are  constantly  entering 
by  absorption,  and  old  ones  leaving  by  exhalation;  while  the  circu- 
lating fluids  are  constantly  passing  from  one  part  of  the  body  to 
another,  and  comiug  in  contact  with  different  organs  of  difterent 
texture  and  composition.  All  these  conditions  are  peculiar,  and  so 
modify  the  chemical  actions  taking  place  in  the  body,  that  they  are 
unlike  those  met  with  anywhere  else. 

If  starch  and  iodine  be  mingled  together  in  a  watery  solution, 
they  unite  with  each  other,  and  strike  a  deep  opaque  blue  color; 
but  if  they  be  miuglcd  in  the  blood,  no  such  reaction  takes  place, 
because  it  is  prevented  by  the  presence  of  certain  organic  substances 
which  interfere  with  it. 

If  dead  animal  matter  be  exposed  to  warmth,  air,  and  moisture, 
il  putrefies ;  but  if  introduced  into  the  living  stomach,  this  process 
is  prevented,  because  the  fluids  of  the  stomach  cause  the  animal 
substance  to  undergo  a  peculiar  transformation  (digestion),  after 
which  the  bloodvessels  immediately  remove  it  by  absorption. 
There  are  also  certain  substances  which  make  their  appearance  in 
the  living  body,  of  animals  or  vegetables,  and  which  cannot  be 
formed  elsewhere;  such  as  fibrin,  albumen,  casein,  ptioumic  .acid, 
the  bili.ary  salts,  morphine,  &c.  These  substances  cannot  be  manu- 
factured artificially,  simply  because  the  necessary  conditions  cannot 
be  imitated.  Tliey  require  for  their  production  the  presence  of  a 
living  organism. 

The  chemical  phenomena  of  the  living  body  are,  therefore,  not 
different  in  their  nature  from  any  other  chemical  phenomena ;  but 
they  are  different  in  their  conditions  and  in  their  results,  and  are 
consequently  peculiar  and  characteristic. 

Another  set  of  vital  phenomena  are  those  which  are  manifested 
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in  the  processes  of  reproduction  and  development.  They  are  again 
entirely  distinct  from  any  phenomena  which  are  exhibited  by 
matter  not  endowed  with  life.  An  inorganic  substance,  even  when 
it  has  a  definite  form,  as,  for  example,  a  crystal  of  fluor  spar,  has 
no  particular  relation  to  any  similar  form  which  has  preceded,  or 
any  other  which  is  to  follow  it.  On  the  other  hand,  every  animal 
and  every  vegetable  owes  its  origin  to  preceding  animals  or  vege- 
tables of  the  same  kind ;  and  the  manner  in  which  this  production 
takes  place,  and  the  different  forms  through  which  the  new  body 
successively  passes  in  the  course  of  its  development,  constitute  the 
phenomena  of  reproduction.  These  phenomena  are  mostly  depend- 
ent on  the  chemical  processes  of  nutrition  and  growth,  which  take 
place  in  a  particular  direction  and  in  a  particular  manner ;  but  their 
results,  viz.,  the  production  of  a  connected  series  of  different  forms, 
constitute  a  separate  class  of  phenomena,  which  cannot  be  explained 
in  any  manner  by  the  preceding,  and  require,  therefore,  to  be  studied 
by  themselves. 

Another  set  of  vital  phenomena  are  those  which  belong  to  the 
nervous  system.  These,  like  the  processes  of  reproduction  and 
development,  depend  on  the  chemical  changes  of  nutrition  and 
growth.  That  is  to  say,  if  the  nutritive  processes  did  not  go  on  in 
a  healthy  manner,  and  maintain  the  nervous  system  in  a  healthy 
condition,  the  peculiar  phenomena  which  are  characteristic  of  it 
could  not  take  place.  The  nutritive  processes  are  necessary  condi- 
tions of  the  nervous  phenomena.  But  there  is  no  other  connection 
between  them ;  and  the  nervous  phenomena  themselves  are  distinct 
from  all  others,  both  in  their  nature  and  in  the  mode  in  which  they 
are  to  be  studied. 

A  troublesome  confusion  might  arise  if  we  were  to  neglect  the 
distinction  which  really  exists  between  these  different  sets  of  phe- 
nomena, and  confound  them  together  under  the  expectation  of 
thereby  simplifying  our  studies.  Since  this  can  only  be  done  by 
overlooking  real  points  of  difference,  its  effect  will  merely  be  to 
introduce  erroneous  ideas  and  suggest  unfounded  similarities,  and 
will  therefore  inevitably  retard  our  progress  instead  of  advancing  it. 

It  has  been  sometimes  maintained,  for  example,  that  all  the  vital 
phenomena,  those  of  the  nervous  system  included,  are  to  be  reduced 
to  the  chemical  changes  of  nutrition,  and  that  these  again  are  to  be 
regarded  as  not  different  in  any  respect  from  the  ordinary  chemical 
changes  taking  place  outside  the  body.  This,  however,  is  not  only 
erroneous  in  theory,  but  conduces  also  to  a  vicious  mode  of  study 
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For  it  draws  away  our  attention  from  the  phenomena  themselves 
and  their  real  characteristics,  and  leads  us  to  deduce  one  set  of  phe- 
nomena from  what  we  know  of  another;  a  method  which  we  have 
already  shown  to  be  unsafe  and  pernicious. 

It  haa  also  been  asserted  that  the  phenomena  of  the  nervous 
system  are  identical  with  those  of  electricity ;  for  no  other  reason 
than  that  there  exist  between  them  certain  general  resemblances. 
But  when  we  examine  the  phenomena  in  detail,  we  find  that,  beside 
these  general  resemblances,  there  are  many  essential  points  of  dis- 
similarity, which  must  be  suppressed  and  kept  out  of  sight  in  order 
to  sustain  the  idea  of  the  as.sumed  identity.  This  assumption  is 
consequently  a  forced  and  unnatural  one,  and  the  simplicity  which 
it  was  intended  to  introduce  into  our  physiological  theories  is 
imaginary  and  deceptive,  and  is  attained  only  by  sacrificing  a  part 
of  those  scientific  trutlif,  which  are  alone  the  real  object  of  our 
study.  We  should  avoid,  therefore,  making  any  such  unfounded 
Comparisons;  for  the  theoretical  simplicity  which  results  from  them 
does  not  compensate  for  the  loss  of  essential  scientific  details. 

VL  The  study  of  Physiology  is  naturally  divided  into  three  dis- 
tinct Sections : — 

The  first  of  these  includes  everything  which  relates  to  the  Nutri- 
tion of  the  body  in  its  widest  sense.  It  comprises  the  history  of 
the  proximate  principles,  their  source,  the  manner  of  their  produc- 
tion, the  proportions  in  which  they  exist  in  dift'erent  kinds  of  food 
and  drink,  the  processes  of  digestion  and  absorption,  and  the  con- 
stitution of  the  circulating  fluids ;  then  the  physical  phenomena  of 
the  circulation  and  the  forces  by  which  it  is  accomplished ;  the 
changes  which  the  blood  undergoes  in  different  parts  of  the  body; 
all  the  phenomena,  both  physical  and  chemical,  of  respiration ;  those 
of  secrelitm  and  excretion,  and  the  character  and  destination  of  the 
secreted  and  excreted  fluids.  All  these  processes  have  reference  to 
a  common  object,  viz.,  the  preservation  of  the  internal  structure  and 
healthy  organization  of  the  individual.  With  certain  modifications, 
they  take  place  in  vegetables  as  well  as  in  animals,  and  are  conse- 
quently known  by  the  name  of  the  vegetative  functions. 

The  Second  Section,  in  the  natural  order  of  study,  is  devoted  to 
the  pheriumena  of  the  NervoIts  System.  These  phenomena  ara 
not  exhibited  by  vegetables,  but  l>e!ong  exclusively  to  animal  or- 
ganizations. They  bring  the  animal  body  into  relation  vnth  the 
external  world,  and  preserve  it  from  external  dangers,  by  means  of 


INTRODUCTION. 


4a 


sensation,  movement,  consciousness,  and  volition.    They  are  more 
particularly  distinguished  by  the  name  of  the  animal  functions. 

Lastly  comes  the  study  of  the  entire  process  of  Kepboduotion. 
Its  phenomena,  again,  with  certain  modi6cations,  are  met  with  in 
both  animals  and  vegetables ;  and  might,  therefore,  with  some  pro- 
priety, be  included  under  the  head  of  vegetative  functions.  But 
their  distinguishing  peculiarity  is,  that  they  have  for  their  object 
the  production  of  new  organisms,  which  take  the  place  of  the  old 
and  remain  after  they  have  disappeared.  These  phenomena  do 
not,  therefore,  relate  to  the  preservation  of  the  individual,  but  to 
that  of  the  species;  and  any  study  which  concerns  the  species 
comes  properly  after  we  have  finished  everything  relating  to  the 
individual. 


SECTION  I. 
NUTRITION. 


CHAPTER    I. 

PROXIMATE    PRINCIPLES    IN    GENERAL. 

The  study  of  Nutrition  begins  naturally  with  that  of  the  proxi- 
mate priticiples,  or  the  substances  entering  into  the  composition  of 
the  diflferent  parts  of  the  body,  and  the  different  kinds  of  food.  In 
examining  the  body,  the  anatomist  finds  that  it  is  composed,  first, 
of  various  parts,  which  are  easily  recognized  by  the  eye,  and  which 
occupy  distinct  situations.  In  the  case  of  the  human  body,  for 
example,  a  division  is  easily  made  of  the  entire  frame  into  the 
bead,  neck,  trunk,  and  extremities.  Each  of  these  regions,  again, 
is  found,  on  examination,  to  contain  several  distinct  parts,  or 
"  organs,"  which  require  to  be  separated  from  each  other  by  dissec- 
tion, and  which  are  distinguished  by  their  form,  color,  texture,  and 
consistency.  In  a  single  limb,  for  example,  every  bone  and  every 
muscle  constitutes  a  distinct  organ.  In  the  trunk,  we  have  the 
heart,  the  lungs,  the  liver,  spleen,  kidneys,  spinal  cord,  &c.,  each  of 
which  is  also  a  distinct  organ.  When  a  number  of  organs,  differing 
in  size  and  form,  but  similar  in  texture,  are  found  scattered  through- 
out the  entire  frame,  or  a  large  portion  of  it,  they  form  a  connected 
set  or  order  of  parts,  which  is  called  a  "  system."  Thus,  all  the 
muscles  taken  together  constitute  the  muscular  system ;  all  the 
bones,  the  osseous  system;  all  the  arteries,  the  arterial  system. 
Several  entirely  different  organs  may  also  be  connected  with  each 
other,  so  that  their  associated  actions  tend  to  accomplish  a  single 
object,  and  th^y  then  form  an  'apparatus."  Thus  the  heart,  arte- 
ries, capillaries,  and  veins,  together,  form  the  circulatory  apparatus; 
the  stomach,  liver,  pancreas,  intestine,  &c.,  the  digestive  apparatus. 
Every  organ,  again,  on  microscopic  examination,  is  seen  to  be  made 
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up  of  minute  bodies,  of  definite  size  and  figure,  which  are  so  small 
as  to  bo  invisible  to  the  naked  eye,  and  which,  after  separation 
from  each  other,  cannot  be  further  subdivided  without  destroying 
their  organization.  Th'ey  are,  therefore,  called  "anatomical  ele- 
ments." Thus,  in  the  liver,  there  are  hepatic  cells,  capillary  blood- 
vessels, the  fibres  of  GlLsson's  capsule,  and  the  ultimate  filaments 
of  the  hepatic  nerve?.  Lastly,  two  or  more  kinds  of  anatomical 
elements,  interwoven  with  each  other  in  a  particular  manner,  form 
a  "ti.ssue."  Adipose  vesicles,  with  capiUaries  and  nerve  tubes, 
form  adipose  tissue.  "White  fibres  and  elastic  fil>rea,  with  capillaries 
and  nerve  tubes,  form  areolar  tissue.  Thus  the  solid  parts  of  the 
entire  bo<ly  are  made  up  of  anatomical  elements,  tissues,  orguna, 
Bystems,  and  ajiparatnses.  Every  organized  frame,  and  even  every 
apparatus,  every  organ,  and  every  tissue,  is  made  up  of  dift'erent 
parts,  variously  interwoven  and  connected  with  each  other,  and  it 
is  this  character  which  constitutes  its  organization. 

But  beside  the  above  solid  forms,  there  are  also  certain  fluids, 
which  arc  constantly  present  in  various  parts  of  the  body,  and  which, 
from  their  peculiar  constitution,  are  terme<i "  animal  fluids."  These 
fluids  are  just  as  much  an  essential  part  of  the  body  as  the  solids. 
The  hhxMl  and  the  lymph,  for  example,  the  pericardial  and  synovial 
fluid.*},  the  saliva,  which  always  exists  more  or  less  abundantly  in 
the  ducts  of  the  parotid  gland,  the  bile  in  the  biliary  ducts  and  the 
gall-bladder:  all  these  go  to  make  np  the  entire  body,  and  are  quite 
as  necessary  to  its  structure  as  the  muscles  or  the  nerves.  Now,  if 
these  fluids  be  examined,  they  are  found  to  be  made  up  of  many 
different  substances,  which  are  mingled  together  in  certain  propor- 
tions; these  proportions  being  constantly  maintained  at  or  about 
the  same  stJindard  by  the  natural  processes  of  nutrition.  Such  a 
fluid  i.'i  termed  an  organized  Jluid,  It  is  organized  by  virtue  of  the 
numerous  ingredients  which  enter  into  its  composition,  and  the 
regular  proportions  in  which  the.se  ingredients  are  maintained. 
Thus  in  the  plasma  of  the  blood,  we  have  albumen,  fiibrin,  water, 
chlorides,  carbonates,  phosphates,  &c.  In  the  urine,  we  find  water, 
urea,  urate  of  soda,  creatine,  creatinine,  coloring  matter,  salts,  &c 
These  substances,  which  are  mingled  together  so  as  to  make  up,  in 
each  instance,  by  their  intimate  union,  a  homogeneous  liquid,  arc 
called  the  proximate  principles  of  the  animal  fluid. 

In  the  solid.s,  furthermore,  even  in  those  parts  which  are  appa- 
rently homogeneous,  there  is  the  same  mixture  of  different  ingre* 
dients.     In  the  hard  substance  of  bone,  for  example,  there  is,  first 
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water,  which  may  be  expelled  by  evaporation ;  second,  phosphate 
and  carbonate  of  lime,  which  may  be  extracted  by  the  proper  sol- 
vents ;  third,  a  peculiar  animal  matter,  with  which  these  calcareous 
salts  are  in  union ;  and  fourth,  various  other  saline  substances,  in 
special  proportions.  In  the  muscular  tissue,  there  is  chloride  of 
potassium,  lactic  acid,  water,  salts,  albumen,  and  an  animal  matter, 
termed  musculine.  The  difference  in  consistency  between  the  solids 
and  fluids  does  not,  therefore,  indicate  any  radical  difference  in  their 
constitution.  Both  are  equally  made  up  of  proximate  principles, 
mingled  together  in  various  proportions. 

It  is  important  to  understand,  however,  exactly  what  are  proxi- 
mate principles,  and  what  are  not  such  ;  for  since  these  principles 
are  extracted  from  the  animal  solids  and  fluids,  and  separated  from 
each  other  by  the  help  of  certain  chemical  manipulations,  such  as 
evaporation,  solution,  crystallization,  and  the  like,  it  might  be  sup- 
posed that  every  substance  which  could  be  extracted  from  an  organ- 
ized solid  or  fluid,  by  chemical  means,  should  be  considered  as  a 
proximate  principle.  That,  however,  is  not  the  case.  A  proximate 
principle  is  properly  defined  to  be  any  substance,  whether  simple  or 
c(ym.pound,  chemically  speaking,  which  exists,  under  its  own.  form,  in  the 
animal  solid  or  fluid,  and  which  can  be  extracted  by  means  which  do 
not  alter  or  destroy  its  chemical  properties.  Phosphate  of  lime,  for 
example,  is  a  proximate  principle  of  bone,  but  phosphoric  acid  is 
not  so,  since  it  does  not  exist  as  such  in  the  bony  tissue,  but  is 
produced  only  by  the  decomposition  of  the  calcareous  salt ;  still 
less  phosphorus,  which  is  obtained  only  by  the  decomposition  of 
the  phosphoric  acid. 

Proximate  principles  may,  in  fact,  be  said  to  exist  in  all  solids  or 
fluids  of  mixed  composition,  and  may  be  extracted  from  them  by 
the  same  means -as  in  the  case  of  the  animal  tissues  or  secretions. 
-Thus,  in  a  watery  solution  of  sugar,  we  have  two  proximate  prin- 
ciples, via:  first,  the  water,  and  second,  the  sugar.  The  water  may 
be  separated  by  evaporation  and  condensation,  after  which  the 
sugar  remains  behind,  in  a  crystalline  form.  These  two  substances 
have,  therefore,  been  simply  separated  from  each  other  by  the  pro- 
cess of  evaporation.  They  have  not  been  decomposed,  nor  their 
chemical  properties  altered.  On  the  other  hand,  the  oxygen  and 
hydrogen  of  the  water  were  not  proximate  principles  of  the  original 
solution,  and  did  not  exist  in  it  under  their  own  forms,  but  only  in 
a  (ttate  of  combination ;  forming,  in  this  condition,  a  fluid  substance 
(water),  endowed  with  sensible  properties  entirely  different  from 
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theirs.  If  we  wish  to  ascertain,  accordingly,  the  nature  and  proper 
ties  of  a  saccharine  solution,  it  will  afford  us  but  little  satisfaction  to 
extract  its  ultimate  chemical  elements ;  for  its  nature  and  properties 
depend  not  so  much  ou  the  presence  in  it  of  the  ultimate  elements, 
oxygen,  hydrogen,  and  carbon,  as  on  the  particular  forms  of  com- 
.bination,  viz.,  water  and  sugar,  under  which  they  are  present  H 

It  is  very  essential,  therefore,  that  in  extracting  the  proximate 
principles  from  the  animal  body,  only  such  means  should  be  adopte<l 
as  will  isolate  the  substances  already  existing  in  the  tissues  and 
fluids,  without  decomposing   them,  or  altering  their  nature.     A,f 
neglect  of  this  rule  has  been  productive  of  much  injury  in  the  pur- " 
suit  of  organic  chemistry ;  for  chemists,  in  subjecting  the  animal 
tissues  to  the  action  of  acids  and  alkalies,  of  prolonged  boiling,  o: 
of  too  intense  beat,  have  often  obtained,  at  the  end  of  the  analysis^ 
many  substances  which  were  erroneously  described  as  proximate 
principles,  while  they  were  only  the  remains  of  an  altered  and  dis- 
organized material.     Tlius,  tiie  fibrous  tiss\ies,  if  boiled  steadily  for 
thirty-six  hours,  dissolve,  for  the  most  part,  at  the  end  of  that  time,^ 
in  the  boiling  water;  and  on  cooling  the  whole  solution  solidifies^H 
into  a  homogeneou.s,  jelly-like  substance,  which  has  received  the 
name  of  gelalinc.    But  this  gelatine  does  not  really  exist  in  the  body 
as  a  proximate  principle,  since  the  fibrous  tissue  which  produces  it 
is  not  at  first  soluble,  even  in  boiling  water,  and  its  ingredientsH 
become  altered  and  converted  into  a  gelatinous  matter  only  by  pro- 
longed ebullition.     So,  again,  an  animal  substance  containing  ace- 
tates or  lactates  of  soda  or  lime  will,  upon  incineration  in  the  air, 
yield  carbonates  of  the  same  bases,  the  organic  acid  having  been 
destroyed,  and  replaced  by  carbonic  acid ;  or  sulphur  and  phospho- 
rus, in  the  animal  tissue,  may  be  converted  by  the  same  means  into 
sulphuric  and  phosphoric  acids,  which,  decomposing  the  alkaline 
carbonates,  become  sulphates  and  phosphates.    In  cither  case,  the  _ 
analysis  of  the  tissues,  so  conducted,  will  be  a  deceptive  one,  andf 
useless  for  all  anatomical  and  physiological  purposes,  because  its 
real  ingredients  have  been  decomposed,  and  replaced  by  others,  iq 
the  process  of  manipulation. 

It  is  in  this  way  that  different  chemists,  operating  upon  the  same 
animal  solid  or  fluid,  by  following  different  plans  of  analysi.s,  have 
obtained  different  results;  enumerating  as  ingredients  of  the  body 
many  artificially  formed  substances,  which  are  not,  in  reality, 
proximate  principles,  thereby  introducing  much  confusion  into 
physiological  chemistry. 
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It  is  to  be  kept  constantly  in  view,  in  the  examination  of  an 
animal  tissue  or  fluid,  that  the  object  of  the  operation  is  simply  the 
separation  of  its  ingredients  from  each  other,  and  not  their  decomposi- 
tion or  ultimate  analysis.  Only  the  simplest  forms  of  chemical 
manipulation  should,  therefore,  be  employed.  The  substance  to 
be  examined  should  first  be  subjected  to  evaporation,  in  order  to 
extract  and  ^timate  its  water.  This  evaporation  must  be  conducted 
at  a  heat  not  above  212°  F.,  since  a  higher  temperature  would  de- 
stroy or  alter  some  of  the  animal  ingredients.  Then,  from  the 
dried  residue,  chloride  of  sodium,  alkaline  sulphates,  carbonates, 
and  phosphates  may  be  extracted  with  water.  Coloring  matters 
may  be  separated  by  alcohol.  Oils  may  be  dissolved  out  by  ether, 
&c.  &c.  When  a  chemical  decomposition  is  unavoidable,  it  must 
be  kept  in  sight  and  afterward  corrected.  Thus  the  glyko  cholate 
of  soda  of  the  bile  is  separated  from  certain  other  ingredients  by 
precipitating  it  with  acetate  of  lead,  forming  glyko-cholate  of  lead ; 
but  this  is  afterward  decomposed,  in  its  turn,  by  carbonate  of  soda, 
reproducing  the  original  glyko-cholate  of  soda.  Sometimes  it  is 
impossible  to  extract  a  proximate  principle  in  an  entirely  unaltered 
form.  Thus  the  fibrin  of  the  blood  can  be  separated  only  by  allow- 
ing it  to  coagulate ;  and  once  coagulated,  it  is  permanently  altered, 
and  can  no  longer  present  all  its  original  characters  of  fluidity,  &c., 
as  it  existed  beforehand  in  the  blood.  In  such  instances  as  this, 
we  can  only  make  allowance  for  an  unavoidable  diflficulty,  and  be 
careful  that  the  substance  suffers  no  further  alteration.  By  bearing 
in  mind  the  above  considerations,  we  may  form  a  tolerably  correct 
estimate  of  the  nature  and  quantity  of  all  of  the  proximate  princi- 
ples existing  in  the  substance  under  examination. 

The  manner  in  which  the  proximate  principles  are  associated 
together,  so  as  to  form  the  animal  tissues,  is  deserving  of  notice. 
In  every  animal  solid  and  fluid,  there  is  a  considerable  number  of 
proximate  principles,  which  are  present  in  certain  proportions,  and 
which  are  so  united  with  each  other  that  the  mixture  presents  a 
homogeneous  appearance.  But  this  union  is  of  a  complicated  cha- 
racter ;  and  the  presence  of  each  ingredient  depends,  to  a  certain 
extent,  upon  that  of  the  others.  Some  of  them,  such  as  the  alkaline 
carbonates  and  phosphates,  are  in  solution  directly  in  the  water. 
Some,  which  are  insoluble  in  water,  are  held  in  solution  by  the 
presence  of  other  soluble  substances.  Thus,  phosphate  of  lime  is 
held  in  solution  in  the  urine  by  the  bi-phosphate  of  soda.  In  the 
blood,  it  is  dissolved  by  the  albumen,  which  is  itself  fluid  by  union 
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with  tlic  wftter.  The  same  substance  may  be  fluiil  in  one  j 
the  boily,  aud  solid  in  another  part.  Thus  in  the  blood  and  secre- 
tions the  water  is  fluid,  and  holds  in  solution  other  substances, 
both  animal  and  mineral,  while  in  the  bones  and  cartilages  it 
is  solid  —  not  crystallized,  as  in  ice,  but  amorphous  and  solid, 
by  the  fact  of  its  intimate  union  with  the  animal  and  saline 
ingredients,  which  are  abundant  in  quantity,  and  which  are 
themselves  present  in  the  solid  form.  Again,  the  phosphate 
of  lime  in  the  blood  is  fluid  by  solution  in  the  albumen; 
but  in  the  bones  it  forms  a  solid  substance  with  the  animal 
matter  of  the  osseous  tissue;  and  yet  the  union  of  the  two 
is  as  intimate  and  homogeneous  in  the  bones  as  in  the 
blood.  A  proximate  principle,  therefore,  never  exists  alone  iu 
any  part  of  the  body,  hut  is  always  intimately  associated  with 
a  number  of  others,  by  a  kind  of  homogeneous  mixture  or  solu- 
tion. 

Every  animal  tissue  and  fluid  contains  a  number  of  proximate 
principles  which  are  present,  as  wo  have  already  mentioned,  in 
certain  characteristic  proportions.  Thus,  water  is  present  in  very 
large  quantity  in  the  perspiration  and  the  saliva,  but  in  very  small 
quantity  in  the  bonea  and  teeth.  Chloride  of  sodium  is  compara- 
tively abundant  in  the  blood  and  deficient  in  the  muscles.  On  the 
other  hand,  chloride  of  jK)tassium  is  more  abundant  in  the  muscles,^ 
less  so  in  the  blood.  But  these  proportions,  it  is  imjmrtant  to  ob- 
serve,  are  nowhere  absolute  or  invariable.  There  is  a  great  dift'er- 
ence,  in  this  respect,  between  the  chemical  com[)osition  of  an  inor- 
ganic sub.stance  and  the  anatomical  constitution  of  an  animal  fluid. 
The  former  is  always  constant  and  definite;  the  latter  is  alwaya 
subject  to  certain  variations.  Thus,  water  is  alwaya  composed  of 
exactly  the  .same  relative  quantities  of  oxygen  and  hydrogen ;  and 
if  these  proportions  be  altered  in  the  least,  it  thereby  ceases  to  be 
water,  and  is  converted  into  some  other  substance.  But  in  the 
urine,  the  proportions  of  water,  urea,  urate  of  soda,  phosphates, 
&c.,  vary  within  certain  limits  in  diftcrent  iudividuahs,  and  even  in 
the  same  individual,  from  one  hour  to  anotlier.  This  variation, 
which  is  almost  constantly  taking  place,  within  the  limits  of  health, 
is  characteristic  of  all  the  animal  solids  and  fluids;  for  they  are 
composed  of  diflerent  ingredients  which  are  supplied  by  absoqnion 
or  formed  in  the  interior,  and  which  are  constantly  given  up  again,  J 
under  tlie  same  or  different  forms,  to  the  surrounding  media  by  the 
unceasing  activity  of  the  vit^l  processes.     Every  variation,  then, 
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in  the  general  condition  of  the  body,  as  a  whole,  is  accompanied  by 
a  corresponding  variation,  more  or  less  pronounced,  in  the  consti- 
tution of  its  different  parts.  This  constitution  is  consequently  of 
a  very  different  character  from  the  chemical  constitution  of  an 
oxide  or  a  salt.  Whenever,  therefore,  we  meet  with  the  anal- 
ysis of  an  animal  fluid,  in  which  the  relative  quantity  of  its 
different  ingredients  is  expressed  in  numbers,  we  must  under- 
stand that  such  an  analysis  is  always  approximative,  and  not  ab- 
solute. 

The  proximate  principles  are  naturally  divided  into  three  differ- 
ent classes. 

The  first  of  these  classes  comprises  all  the  proximate  principles 
which  are  purely  inorganic  in  their  nature.  These  principles  are 
derived  mostly  from  the  exterior.  They  are  found  everywhere,  in 
unorganized  as  well  as  in  organized  bodies ;  and  they  present  them- 
selves under  the  same  forms  and  with  the  same  properties  in  the 
interior  of  the  animal  frame  as  elsewhere.  They  are  crystallizable, 
and  have  a  definite  chemical  composition.  They  comprise  such 
substances  as  water,  chloride  of  sodium,  carbonate  and  phosphate 
of  lime,  &c. 

The  second  class  of  proximate  principles  is  known  as  crystal- 
LIZABLE  SUBSTANCES  OP  ORGANIC  ORIGIN.  This  is  the  name  given 
to  them  by  Bobin  and  Verdeil,'  whose  classification  of  the  proxi- 
mate principles  is  the  best  which  has  yet  been  offered.  They  are 
crystallizable,  as  their  name  indicates,  and  have  a  definite  chemical 
composition.  They  are  said  to  be  of  "  organic  origin,"  because  they 
first  make  their  appearance  in  the  interior  of  organized  bodies,  and 
are  not  found  in  external  nature  as  the  ingredients  of  inorganic 
substances.    Such  are  the  different  kinds  of  sugar,  starch,  and  oil. 

The  third  class  comprises  a  very  extensive  and  important  order 
of  proximate  principles,  which  go  by  the  name  of  the  Organic 
Substances  proper.  They  are  sometimes  known  as  "  albuminoid" 
substances  or  "  protein  compounds."  The  name  organic  substances 
is  given  to  them  in  consequence  of  the  striking  difference  which 
exists  between  them  and  all  the  other  ingredients  of  the  body.  The 
substances  of  the  second  class  differ  from  those  of  the  first  by  their 

'  Chimie  Anstomiqae  et  Pliysiologiqae.     Paris,  1853. 
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exclusively  organic  origin,  but  they  resemble  the  latter  in  their  crys- 
tallizability  and  their  definite  chemical  composition ;  in  consequence 
of  which  their  chemical  investigation  may  be  pursued  in  nearly 
the  same  manner,  and  their  chemical  changes  expressed  in  nearly 
the  same  terms.  But  the  proximate  principles  of  the  third  class 
are  in  every  respect  peculiar.  They  have  an  exclusively  organic 
origin ;  not  being  found  except  as  ingredients  of  living  or  recently 
dead  animals  or  vegetables.  They  have  not  a  definite  chemical 
composition,  and  are  not  crystallizable;  and  the  forms  which  they 
present,  and  the  chemical  changes  which  they  undergo  in  the 
body,  are  such  as  cannot  be  expressed  by  ordinary  chemical  phrase- 
ology. This  class  includes  such  substances  as  albumen,  fibrin, 
oasein.  kc. 


PBOXIMATB    PBINGIPLES   OF   THX    FIRST   CLASS.  58 


CHAPTER    II. 

PBOXIMATE    PRINCIPLES    OF   THE    FIRST    CLASS. 

The  proximate  principles  of  the  first  clas^  or  those  of  an  inor- 
ganic nature,  are  very  numerous.  Their  most  prominent  characters 
have  already  been  stated.  They  are  all  crystal lizable,  and  have  a 
definite  chemical  composition.  They  are  met  with  extensively  in 
the  inorganic  world,  and  form  a  large  part  of  the  crust  of  the  earth. 
They  occur  abundantly  in  the  difterent  kinds  of  food  and  drink ; 
and  are  necessary  ingredients  of  the  food,  since  they  are  necessary 
ingredients  of  the  animal  frame.  Some  of  them  are  found  universally 
in  all  parts  of  the  body,  others  are  met  with  only  in  particular 
regions;  but  there  are  hardly  any  which  are  not  present  at  the 
same  time  in  more  than  one  animal  solid  or  fluid.  The  following 
are  the  most  prominent  of  them,  arranged  in  the  order  of  their 
respective  importance. 

1.  "Water. — Water  is  universally  present  in  all  the  tissues  and 
fluids  of  the  body.  It  is  abundant  in  the  blood  and  secretions, 
where  its  presence  is  indispensable  in  order  to  give  them  the  fluidity 
which  is  necessary  to  the  performance  of  their  functions;  for  it 
is  by  the  blood  and  secretions  that  new  substances  are  introduced 
into  the  body,  and  old  ingredients  discharged.  And  it  is  a  neces- 
sary condition  both  of  the  introduction  and  discharge  of  substances 
naturally  solid,  that  they  assume,  for  the  time  being,  a  fluid  form ; 
water  is  therefore  an  essential  ingredient  of  the  fluids,  for  it  holds 
their  solid  materials  in  solution,  and  enables  them  to  pass  and  repass 
through  the  animal  frame. 

But  water  is  an  ingredient  also  of  the  solids.  For  if  we  take  a 
muscle  or  a  cartilage,  and  expose  it  to  a  gentle  heat  in  dry  air,  it 
loses  water  by  evaporation,  diminishes  in  size  and  weight,  and  be- 
comes dense  and  stiff.  Even  the  bones  and  teeth  lose  water  by 
evaporation  in  this  way,  though  in  smaller  quantity.  In  all  these 
solid  and  semi-solid  tissues,  the  water  which  they  contain  is  useful 


PROXIMATE    PRINCIPLES    OF    THE    FIRST    CLASS, 

by  giving  them  the  special  consistency  which  is  characteristic 
them,  ami  which  would  be  host  without  it.  Thus  a  tendon,  in  its 
natural  condition,  is  white,  glistening,  aiid  opaque ;  and  though  very 
strong,  perfectly  flexible.  If  its  water  be  expelled  by  evaporatioa 
it  becomes  yellowish  in  color,  shrivelled,  semi-transparent,  inflexi- 
ble, and  totally  unfit  for  performing  its  mechanical  functions.  The 
same  thing  is  true  of  the  skin,  muscles,  cartilages,  &c.  ■ 

The  following  is  a  list,  compiled  by  Robin  and  Verdeil  from 
various  observers,  showing  the  proportion  of  water  per  thousand 
parts,  in  different  solids  and  fluids: — 
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According  to  the  best  calculations,  water  constitutes,  in  the 
human  subject,  between  two-thirds  and  three-quarters  of  the  entire 
weight  of  the  bofly. 

The  water  which  thus  forms  a  part  of  the  animal  frame  is  derived 
from  without.  It  is  taken  in  the  difterent  kinds  of  drink,  and  also 
forms  an  abundant  ingredient  in  the  various  articles  of  food.  For 
no  articles  of  food  are  taken  in  an  absolutely  dry  state,  but  all 
contain  a  larger  or  smaller  quantity  of  water,  which  may  readily 
be  expelled  by  evaporation.  The  quantity  of  water,  therefore, 
which  is  daily  taken  into  the  system,  cannot  be  ascertained  in  any 
case  by  simply  measuring  the  quantity  of  drink,  but  its  proportion 
in  the  solid  food,  taken  at  the  same  time,  must  also  be  determined 
by  experiment,  and  this  ascertained  quantity  added  to  that  which 
is  taken  in  with  the  fluids.  By  measuring  the  quantity  of  fluid 
taken  with  the  drink,  and  calculating  in  addition  the  proportion 
existing  in  the  solid  foLMi,  we  have  found  that,  for  a  healthy  adult 
man,  the  ordinary  quantity  of  water  introduced  per  day,  is  a  little 
over  4J  pounds. 

After  forming  part  of  the  animal  solids  and  fluids,  and  taking 
part  in  the  various  physical  and  chemical  processes  of  the  body,  the 
water  is  again  discharged;  for  its  presence  in  the  body,  like  that 
of  all  the  other  proximate  principles,  ia  not  permanent,  but  only 
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temporary.  After  being  taken  in  with  the  food  and  drink,  it  is 
associated  with  other  principles  in  the  fluids  and  solids,  passing 
from  the  intestine  to  the  blood,  and  from  the  blood  to  the  tissues 
and 'secretions.  It  afterward  makes  its  exit  from  the  body,  from 
which  it  is  discharged  by  four  different  passages,  viz.,  in  a  liquid 
form  with  the  urine  and  the  feces,  9nd  in  a  gaseous  form  with  the 
breath  and  the  perspiration.  Of  all  the  water  which  is  expelled  in 
this  way,  about  48  per  cent,  is  discharged  with  the  urine  and  feces,' 
and  about  52  per  cent,  by  the  lungs  and  skin.  The  researches  of 
Lavoisier  and  Seguin,  Valentin,  and  others,  show  that  from  a  pound 
and  a  half  to  two  pounds  is  discharged  daily  by  the  skin,  a  little 
over  one  pound  by  exhalation  from  the  lungs,  and  a  little  over  two 
pounds  by  the  urine.  Both  the  absolute  and  relative  amount  dis- 
charged, both  in  a  liquid  and  gaseous  form,  varies  according  to 
circumstances.  There  is  particularly  a  compensating  action  in  this 
respect  between  the  kidneys  and  the  skin,  so  that  when  the  cutane- 
ous perspiration  is  very  abundant  the  urine  is  less  so,  and  vice  versd. 
The  quantity  of  water  exhaled  from  the  lungs  varies  also  with  the 
state  of  the  pulmonary  circulation,  and  with  the  temperature  and 
dryness  of  the  atmosphere.  The  water  is  not  discharged  at  any 
time  in  a  state  of  purity,  but  is  mingled  in  the  urine  and  feces  with 
saline  substances  which  it  holds  in  solution,  and  in  the  cutaneous 
and  pulmonary  exhalations  with  animal  vapors  and  odoriferous 
substances  of  various  kinds.  In  the  perspiration  it  is  also  mingled 
with  saline  substances,  which  it  leaves  behind  on  evaporation. 

2.  Chloride  or  Sodium. — This  substance  is  found,  like  water, 
throughout  the  different  tissues  and  fluids  of  the  body.  The  only 
exception  to  this  is  perhaps  the  enamel  of  the  teeth,  where  it  has 
not  yet  been  discovered.  Its  presence  is  important  in  the  body,  as 
regulating  the  phenomena  of  endosmosis  and  exosmosis  in.  different 
parts  of  the  frame.  For  we  know  that  a  solution  of  common  salt 
passes  through  animal  membranes  much  less  rer.dily  than  pure 
water ;  and  tissues  which  have  been  desiccated  will  absorb  pure 
water  more  abundantly  than  a  saline  solution.  It  must  not  be  sup- 
posed, however,  that  the  presence  or  absence  of  chloride  of  sodium, 
or  its  varying  quantity  in  the  animal  fluids,  is  the  only  condition 
which  regulates  their  transudation  through  the  animal  membranes. 
The  manner  in  which  endosmosis  and  exosmosis  take  place  in  the 

»  Op.  cit.,  vol.  ii.  pp.  143  and  146. 
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animal  frame  depends  upon  the  relative  quantity  of  all  llie  ingre- 
dients of  the  fluids,  as  "well  as  on  tlie  constitution  of  the  solids 
themselves;  and  the  chloride  of  sodium,  as  one  ingredient  among 
many,  influences  these  phenomena  to  a  great  extent,  though  it  does 
not  regulate  them  exclusively. 

It  exerts  also  an  important  influence  on  the  solution  of  various 
other  ingredients,  with  which  it  is  associated.  Thus,  in  the  blood 
it  increases  the  solubility  of  the  albumen,  and  perhaps  also  of  the 
earthy  phosphates.  The  blood-globules,  again,  which  become  dis- 
integrated and  dissolved  in  a  solution  of  pure  albumen,  are  main- 
tained in  a  state  of  integrity  by  the  presence  of  a  small  quantity  of 
chloride  of  sodium. 

It  exists  in  the  following  proportions  in  several  of  the  solids  and 
fluids  :'— 

QtTAXTITr  OP  CBLOBIDS  op  SODrCK  IH  1,000  PAKTS  U  THB 

MuBclea       .         ,         .         ,        2.0  Pervpirmtion  ....        2.2 


Bonca  ....  2..'>  Urine 

Cartilage  ....  2.8  Bifc 

Milk  .        .        .  10  Blood 

SaliTft                   .        .  1.5  Mncus 


3.0 
3.6 
4.5 
6.0 


In  the  blood  it  is  rather  more  abundant  than  all  the  other  saline 
ingredients  taken  together. 

Since  chloride  of  sodium  is  so  universally  present  in  all  parts  of 
the  body,  it  is  an  important  ingredient  also  of  the  food.  It  occurs, 
of  course,  in  all  animal  food,  in  the  quantities  in  which  it  naturally 
exists  in  the  corresponding  tissues;  and  in  vegetable  food  also, 
though  in  smaller  amount.  Its  proportion  in  muscular  flesh, 
however,  is  much  less  than  in  the  blood  and  other  fluids.  Conse- 
quently, it  is  not  supplied  in  sufficient  quantity  as  an  ingredient  of 
animal  and  vegetable  food,  but  is  taken  also  by  itself  as  a  condi- 
ment. There  is  no  other  substance  so  universally  used  by  all  races 
and  conditions  of  men,  as  an  addition  to  the  food,  as  chloride  of 
sodium.  This  custom  does  not  simply  depend  on  a  fancy  for  grati- 
fying the  palate,  but  is  based  upon  an  instinctive  desire  for  a  sub- 
stance which  is  necessary  to  the  proper  constitution  of  the  tissues 
and  fluids.  Even  the  herbivorous  animals  are  greedy  of  it,  and  if 
freely  supplied  with  it,  are  kept  in  a  much  better  condition  than 
when  deprived  of  its  use. 

The  importance  of  chloride  of  sodium  in  this  respect  has  been 
well   demonstrated  by  Boiissingauk,  in   his  experiments  on  the 
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fattening  of  animals.  These  observations  were  made  upon  six 
bullocks,  selected,  as  nearly  as  possible,  of  the  same  age  and  vigor, 
and  subjected  to  comparative  experiment.  They  were  all  supplied 
with  an  abundance  of  nutritious  food ;  but  three  of  them  (lot  No. 
1)  received  also  a  little  over  500  grains  of  salt  each  per  day.  The 
remaining  three  (lot  No.  2)  received  no  salt,  but  in  other  respects 
were  treated  like  the  first.  The  result  of  these  experiments  is  given 
by  Boussingault  as  follows : — ' 

"  Though  salt  administered  with  the  food  has  but  little  effect  in 
increasing  the  size  of  the  animal,  it  appears  to  exert  a  favorable 
iDfluence  upon  his  qualities  and  general  aspect.  Until  the  end  of 
March  (the  experiment  began  in  October)  the  two  lots  experimented 
on  did  not  present  any  marked  difference  in  their  appearance ;  but 
in  the  course  of  the  following  April,  this  difference  became  quite 
manifest,  even  to  an  unpractised  eye.  The  lot  No.  2  had  then  been 
without  salt  for  six  months.  In  the  animals  of  both  lots  the  skin 
had  a  fine  and  substantial  texture,  easily  stretched  and  separated 
from  the  ribs ;  but  the  hair,  which  was  tarnished  and  disordered  in 
the  bullocks  of  the  second  lot,  was  smooth  and  glistening  in  those 
of  the  first.  As  the  experiment  went  on,  these  characters  became 
more  marked ;  and  at  the  beginning  of  October  the  animals  of  lot 
No.  2,  after  going  without  salt  for  an  entire  year,  presented  a  rough 
and  tangled  hide,  with  patches  here  and  there  where  the  skin  was 
entirely  uncovered.  The  bullocks  of  lot  No.  1  retained,  on  the 
contrary,  the  ordinary  aspect  of  stall-fed  animals.  Their  vivacity 
and  their  frequent  attempts  at  mounting  contrasted  strongly  with 
the  dull  and  unexcitable  aspect  presented  by  the  others.  No  doubt, 
the  first  lot  would  have  commanded  a  higher  price  in  the  market 
than  the  second." 

Chloride  of  sodium  acts  also  in  a  favorable  manner  by  exciting 
the  digestive  fluids,  and  assisting  in  this  way  the  solution  of  the 
food.  For  food  which  is  tasteless,  however  nutritious  it  may  be  in 
other  respects,  is  taken  with  reluctance  and  digested  with  difficulty ; 
while  the  attractive  flavor  which  is  developed  by  cooking,  and  by 
the  addition  of  salt  and  other  condiments  in  proper  proportion, 
excites  the  secretion  of  the  saliva  and  gastric  juice,  and  facilitates 
consequently  the  whole  process  of  digestion.  The  chloride  of 
sodium  is  then  taken  up  by  absorption  from  the  intestine,  and  is 
deposited  in  various  quantities  in  different  parts  of  the  body. 

I  Chimie  Agrioole,  Paris,  1854,  p.  271. 
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It  \3  discharged  with  the  urine,  mucus,  cutaneous  perspiratiou,] 
&c.,  in  solution  in  the  water  of  these  fluids.     According  to  the  esti- 
mates of  M.  Barral,'  a  small  quantity  of  chloride  of  sodium  dia-^ 
appears  in  the  body ;  since  he  finds  by  acxjurate  comparison  that  all 
the  salt  introducetl  with  the  foo<l  is  not  to  be  found  in  the  excreted 
fluids,  but  that  about  one-fifth  of  it  remains  unaccounted  for.    This 
portion  is  supposed  to  undergo  a  double  decomposition  in  the  blood  J 
with  phosphate  of  potassa,  forming  chloride  of  potassium  and  phos- ■ 
phate  of  soda.     By  far  the  greater  part  of  the  chloride  of  sodium, 
however,  escapes  under  its  own  form  with  the  secretions. 


3.  Chloride  of  Potassium.— This  substance  is  found  in  th«j 
muscles,  the  blood,  the  milk,  the  urine,  and  various  other  fluidffi 
and  tissues  of  the  body.  It  is  not  so  universally  present  as  chlo- 
ride of  sodium,  and  not  so  important  as  a  proximate  principle. 
In  some  parts  of  the  body  it  is  more  abundant  than  the  latter  salty.fl 
in  others  less  so.  Thus,  in  the  biood  there  is  more  chloride  of 
sodium  than  chloride  of  potasseium,  but  in  the  muscles  there  is  more 
chloride  of  potassium  than  chloride  of  sodium.  Thi4  substance  is 
always  in  a  fluid  form,  by  its  ready  solubility  in  water,  and  is  easily 
separated  by  lixiviation.  It  is  introduced  mostly  with  the  food,  but 
is  probably  formed  partly  in  the  interior  of  the  body  from  chloride 
of  sodium  by  double  decomposition,  as  already  mentioned.  It  ia 
discharged  with  the  mucus,  the  saliva,  and  the  urine. 


I 


4.  Phosphate  of  Lime. — This  is  perhaps  the  most  important 
of  the  mineral  ingredients  of  the  body  next  to  chloride  of  sodium. 
It  is  met  Miih  universally,  in  every  tissue  and  every  fluid.  Its 
quantity,  however,  varies  very  much  in  different  parts,  as  will  be 
seen  by  the  following  list: — 

QDASTITT  or  PuoeFHATK  OP  LlVK  19  1,000  PABTS  IS  THB 

Enamel  of  the  t««tli  .         .  S85  Mu^icle!l     .  .         .2.3 

Dentine     .        ...  643  Blood        .  .         .         .0.3 

Bones         ....  !>50  Gaotrio  juice  .                  .     0.4 

CirtiUget          ...  40 

It  occurs  also  under  different  physical  conditions.  In  the  boi 
teeth,  and  cartilages  it  is  solid,  and  gives  to  these  tissues  the  resist- 
ance and  solidity  which  are  characteristic  of  them.  The  calcareous 
salt  is  not,  however,  in  these  instances,  simply  deposited  mechani- 
cally in  the  substance  of  the  bone  or  cartilage  as  a  granular  powder, 
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but  is  intimately  united  with  tbe  animal  matter  of  the  tissues,  like 
a  coloring  matter  in  colored  glass,  bo  as  to  present  a  more  or  less 
homogeneous  appearance.  It  can,  however,  be  readily  dissolved 
out  by  maceration  in  dilute  muriatic  acid,  leaving  behind  the 
animal  substance,  which  still  retains  the  original  form  of  the  bone 
or  cartilage.  It  is  not,  therefore,  united  with  the  animal  matter  so 
as  to  lose  its  identity  and  form  a  new  chemical  substance,  as  where 
an  acid  combines  with  an  alkali  to  form  a  salt,  but  in  the  same 
manner  as  salt  unites  with  water  in  a  saline  solution,  both  sub- 
stances retaining  their  original  character  and  composition,  but  so 
intimately  associated  that  they  cannot  be  separated  by  mechanical 
means. 

In  the  blood,  phosphate  of  lime  is  in  a  liquid  form,  notwithstand- 
ing its  insolubility  in  water  and  in  alkaline  fluids,  being  held  in 
si'.'lufion  by  the  albuminous  matters  of  the  circulating  fluid.  In  the 
urine,  it  is  retained  in  solution  by  the  bi-phospbate  of  80<ia. 

In  all  the  solid  tissues  it  is  useful  by  giving  to  them  their  proper 
consistence  and  solidity.  For  example,  in  the  ena- 
mel of  the  teeth,  the  hardest  tissue  of  the  body,  it 
predominates  very  much  over  the  animal  matter, 
and  is  present  in  gre^iter  abundance  there  than  in 
any  other  part  of  the  frame.  In  the  dentine,  a 
?of\er  ti.ssue,  it  is  in  somewhat  smaller  quantity, 
and  in  the  bones  smaller  still ;  though  in  the  bones 
it  continues  to  form  more  than  one-half  the  entire 
nji^ss  of  the  osseous  substance.  The  importance  of 
phosphate  of  lime,  in  communicating  to  bones  their 
natural  stiffness  and  consistency,  may  be  readily 
shown  by  the  alteration  which  they  suffer  from  its 
removal.  If  a  long  bone  be  macerated  in  dilute 
tnurintic  acid,  the  earthy  salt,  as  already  mentioned, 
is  entirely  dissolved  out,  ader  which  the  bone  loses 
its  rigidity,  and  may  be  bent  or  twisted  in  any  di- 
rection without  breaking.  (Fig.  1.) 

Whenever  the  nutrition  of  the  bone  during  life 
is  interfered  with  from  any  pathological  cause,  so 
that  its  phos(^>hate  of  lime  becomes  deficient  in 
amount,  a  softening  of  the  osseous  tissue  is  the 
consequence,  by  which  the  bones  yield  to  external 
pressure,  and  become  more  or  less  distorted.    (Osteo-malakia.) 

The  phosphate  of  lime  in  the  body,  like  most  of  the  inorganic 
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proximate  principles,  is  derived  directly  from  the  food ;  as  it  exists, 
in  varioua  proportions,  not  only  in  all  kinds  of  animal  food,  but 
also  in  all  the  cereal  grains,  tbe  nutritive  roots  and  tuberous  plants, 
and  even  in  nearly  all  the  fruits. 

At\er  forming,  for  a  time,  a  part  of  the  tissues  and  fluids,  it  ia 
discharged  from  the  body  by  the  urine,  the  perspiration,  mucus, 
&c.  Much  the  larger  portion  is  discharged  by  tbe  urine.  A  small 
quantity  also  occurs  in  the  feces,  but  this  is  probably  only  the 
superfluous  residue  of  what  ia  taken  in  with  the  food. 

5.  Carbonate  of  Lime. — Carbonate  of  lime  is  to  be  found  in 
the  bones,  and  sometimes  in  the  urine.  The  concretions  of  the 
internal  ear  are  almost  entirely  formed  of  it.  It  very  probably 
occurs  also  in  the  blood,  teeth,  cartilages,  and  sebaceous  matter; 
tut  its  presence  here  is  nc»t  quite  certain,  since  it  may  have  been 
produced  from  the  lactate,  or  other  organic  combination,  by  the 
process  of  jncinerution.  In  the  bones,  it  is  in  much  smaller  quan- 
tity than  the  phosphate.  Its  solubility  in  the  blood  and  the  urine 
is  accounted  for  by  the  presence  of  free  carbonic  acid,  and  also  of 
chloride  of  potassium,  both  of  which  substances  exert  a  solvent 
action  on  carbonate  of  lime. 

6.  Carbonate  of  Soda. — This  .substance  exists  in  the  bones, 
blood,  saliva,  lymph,  and  urine.  As  it  is  readily  soluble  in  water, 
it  naturally  a.ssumes  the  liquid  form  in  the  animal  fluids.  It  is 
important  principally  as  giving  to  the  blood  its  alkalescent  reaction, 
by  which  the  solution  of  the  albumen  is  facilitated,  and  various 
other  chemico-physiological  processes  in  the  blood  accomplished. 
The  alkalescence  of  the  blood  is,  in  fact,  necessary  to  life ;  for  it  is 
found  that,  in  the  Jiving  animal,  if  a  mineral  acid  be  graduallv 
injected  into  the  blood,  so  dilute  as  not  to  coagulate  the  albumen, 
death  takes  place  before  its  alkaline  reaction  has  been  completely 
neutralized.' 

The  carbonate  of  soda  of  the  blood  is  partly  introduced  as  such 
with  the  food ;  but  the  greater  part  of  it  is  formed  within  the  body 
by  the  decomposition  of  other  salts,  introduced  with  certain  fruits 
and  vegetables.  These  fruits  and  vegetables,  such  as  apples,  cher- 
ries, grapes,  potatoes,  &c.,  contain  malales,  tartrates,  and  citrates 
of  soda  and  potassa.     Now,  it  has  been  oflen  noticed  that,  afler 
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the  use  of  acescent  fruits  and  vegetables  containing  the  above  salts, 
the  urine  becomes  alkaline  in  reaction  from  the  presence  of  the 
alkaline  carbonates.    Lehmann '  found,  by  experiments  upon  his 
own  person,  that,  within  thirteen  minutes  after  taking  half  an  ounce 
of  lactate  of  soda,  the  urine  had  an  alkaline  reaction.    He  also  ob- 
served that,  if  a  solution  of  lactate  of  soda  were  injected  into  the 
jugular  vein  of  a  dog,  the  urine  became  alkaline  at  the  end  of  five, 
or,  at  the  latest,  of  twelve  minutes.    The  conversion  of  these  salts 
into  carbonates  takes  place,  therefore,  not  in  the  intestine  but  in  the 
blood.    The  same  observer*  found  that,  in  many  persons  living  on 
a  mixed  diet,  the  urine  became  alkaline  in  two  or  three  hours  after 
swallowing  ten  grains  of  acetate  of  soda.    These  salts,  therefore, 
on  being  introduced  into  the  animal  body,  are  decomposed.    Their 
organic  acid  is  destroyed  and  replaced  by  carbonic  acid ;  and  they 
are  then  discharged  under  the  form  of  carbonates  of  soda  and  potassa. 

7.  Cabbonate  of  Potass  A. — This  substance  occurs  in  very 
nearly  the  same  situations  as  the  last.  In  the  blood,  however,  it  is 
la  smaller  quantity.  It  is  mostly  produced,  as  above  stated,  by 
the  decomposition  of  the  malate,  tartrate,  and  citrate,  in  the  same 
manner  as  the  carbonate  of  soda.  Its  function  is  also  the  same  as 
that  of  the  soda  salty  and  it  is  discharged  in  the  same  manner  from 
the  body. 

8.  Phosphates  or  Magnesia,  Soda,  and  Potassa. — All  these 
substances  exist  universally  in  all  the  solids  and  fluids  of  the  body, 
but  in  very  small  quantity.  The  phosphates  of  soda  and  potassa 
are  easily  dissolved  in  the  animal  fluids,  owing  to  their  ready  solu- 
bility in  water.  The  phosphate  of  magnesia  is  held  in  solution  in 
the  blood  by  the  alkaline  chlorijjes  and  phosphates ;  in  the  urine, 
by  the  acid  phosphate  of  soda. 

A  peculiar  relation  exists  between  the  alkaline  phosphates  and 
carbonates  in  dififerent  classes  of  animals.  For  while  the  fluids  of 
carnivorous  animals  contain  a  preponderance  of  the  phosphates, 
those  of  the  herbivora  contain  a  preponderance  of  the  carbonates : 
a  peculiarity  readily  understood  when  we  recollect  that  muscular 
flesh  and  the  animal  tissues  generally  are  comparatively  abundant 
in  phosphates ;  while  vegetable  substances  abound  in  salts  of  the 

1  Physiological  Chemistry.    Philndelphia  ed.,  toI.  i.,  p.  97. 
■Physiological  Chemistry,  toI.  ii.,  p.  180. 
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organic  acids,  which  give  rise,  as  already  deseribed,  by  their  decom- 
position in  the  blood,  to  the  alkaline  carbonates. 

The  proximate  principles  included  in  the  above  list  resemble 
each  other  not  only  in  their  inorganic  origin,  their  crystallizability. 
and  their  definite  chemical  composition,  but  also  in  the  part  which 
they  take  in  the  constitution  of  the  animal  frame.  They  are 
distinguished  in  this  respect,  first  by  being  derived  entirely  from 
without.  There  are  a  few  exceptions  to  this  rule ;  as,  for  example, 
in  the  case  of  the  alkaline  carbonates,  which  partly  originate  in 
the  body  from  the  decomposition  of  malates,  tartrates,  kc.  These, 
however,  are  only  exceptions ;  and  in  general,  the  proximate  prin- 
ciples belonging  to  the  first  class  are  introduced  with  the  f<xxi, 
and  taken  up  by  the  animal  tissues  in  precisely  the  same  form 
under  which  they  occur  in  external  nature.  The  carbonate  of  lime 
in  the  bones,  the  chloride  of  sodium  in  the  bhwd  and  tissues,  are 
the  same  substances  which  are  met  with  in  the  calcareous  rocks, 
and  in  solution  in  sea  water.  They  do  not  sufter  any  chemical 
alteration  in  becoming  constituent  parts  of  the  animal  frame. 

They  are  equally  exempt,  as  a  general  rule,  from  any  alteration 
while  they  remain  in  the  body,  and  during  their  passage  through 
it.  The  exceptions  to  this  rule  are  very  few ;  as,  for  example,  where 
a  small  part  of  the  chloride  of  sodium  suffers  double  decomposition 
with  phosphate  of  potassa,  giving  rise  to  chloride  of  potassium  and 
phosphate  of  soda;  or  where  the  phosphate  of  soda  itself  gives  up 
ft  part  of  its  base  to  an  organic  acid  (uric),  and  is  converted  in  this 
way  into  a  bi-phosphate  of  soda.  h 

Nearly  the  whole  of  these  sub.stances,  finally,  are  taken  up  un- 
changed from  the  tissues,  and  discharged  unchanged  with  the  excre- 
tions. Thus  we  find  the  phnspha^  of  lime  and  the  chloride  of  so- 
dium, whtrh  were  taken  in  with  the  food,  discharged  again  under 
the  same  form  in  the  urine.  They  do  not,  therefore,  for  the  most 
part,  participate  directly  in  the  chemical  changes  going  on  in  the 
body ;  but  only  serve  by  their  presence  to  enable  those  changes  to 
bo  accomplished  in  the  other  ingredients  of  the  animal  frame,  which 
are  necessary  to  the  process  of  nutrition. 
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CHAPTER    III. 

PROXIMATE  PRINCIPLES  OF  THE  SECOND  CLASS. 

The  proximate  principles  belonging  to  the  second  class  are 
divided  into  three  principal  groups,  viz:  starch,  sugar,  and  oil. 
They  are  distinguished,  in  the  first  place,  by  their  organic  origin. 
Unlike  the  principles  of  the  first  class,  they  do  not  exist  in 
external  nature,  but  are  only  found  as  ingredients  of  organized 
bodies.  They  exist  both  in  animals  and  in  vegetables,  though  in 
somewhat  different  proportions.  All  the  substances  belonging  to 
this  class  have  a  definite  chemical  composition ;  and  are  further 
distinguished  by  the  fact  that  they  are  composed  of  oxygen, 
hydrogen,  and  carbon  alone,  without  nitrogen,  whence  they  are 
sometimes  called  the  "non-nitrogenous"  substances. 

1.  Starch  (C„H,oO,o). — The  first  of  these  substances  seems  to 
form  an  exception  to  the  general  rule  in  a  very  important  particu- 
lar, viz.,  that  it  is  not  crystallizable.  Still,  since  it  so  closely 
resembles  the  rest  in  all  its  general  properties,  and  since  it  is  easily 
convertible  into  sugar,  which  is  itself  crystallizable,  it  is  naturally 
included  in  the  second  class  of  proximate  principles.  Though  not 
crystallizable,  furthermore,  it  still  assumes  a  distinct  form,  by 
which  it  differs  from  substances  that  are  altogether  amorphous. 

Starch  occurs  in  some  part  or  other  of  almost  all  the  flowering 
plants.  It  is  very  abundant  in  corn,  wheat,  rye,  oats,  and  rice,  in 
the  parenchyma  of  the  potato,  in  peas  and  beans,  and  in  most 
vegetable  substances  used  as  food.  It  constitutes  almost  entirely 
the  different  preparations  known  as  sago,  tapioca,  arrowroot,  &c., 
which  are  nothing  more  than  varieties  of  starch,  extracted  from 
different  species  of  plants. 

The  following  is  a  list  showing  the  percentage  of  starch  occurring 
in  different  kinds  of  food : — ' 

'  Pereira  on  Food  and  Diet,  Nev  York,  1843,  p.  69. 
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Qdantitt  op  Stabcb  IV  loo  PABTS  IX 
lUoe        ....     85.07  Wheat  flour   . 

Kftin     ....     80.92  ki^Iand  moss 

Barley  meal   .  G7.18  Kidney  beau  . 

Rye  meal        .         .         .     61.07  Pe*9 

Ost  meal        .        .        .     59.00  Potato    . 


72.00 
44.00 
3^.94 
32.46 
15.70 


When  purified  from  foreign  substances,  starch  is  a  white,  light 
powder,  which  gives  rise  to  a  peculiar  crackling  sensation  when 

rubbe«l  between  the  finsera. 

Piff   2  _^ 

When  examined  by  the  mi- 
croscope, it  is  seen  to  bo 
composed  of  solid  granules, 
which,  while  they  have  a 
general  resemblance  to  each 
other,  differ  somewhat  in  va- 
rious particulars.  Thestaroh 
grains  of  the  potato  (Fig.  2) 
vary  considerably  in  size. 
The  smallest  have  a  diameter 
of  Tiihisjs,  the  largest  ,J„  of 
an  iiieli.  They  are  irregu- 
larly pear-shaped  in  form, 
and  are  marked  by  concen- 
tric laminai,  as  if  the  matter 

of  which  they  are  composed  had  been  deposited  in  successive  layers. 

At  one  point  on  the  surface  of  every  starch  grain,  there  is  a  minute 

poi'e  or  depression,  called  the 


Obaibi  or  FoTATo  Btaego. 


Fig.  3. 


(5>) 


0 


Itabcm  ORAia*  or  Bkhmitva  Aiino«rftoor. 


hilum,  around  which  the  cir- 
cular markings  arc  arranged 
in  a  concentric  form. 

The  starch  granules  of 
arrowroot  (Fig.  3)  are  gene- 
rally smaller  and  more  uni- 
form in  size,  than  those  of 
the  potato.  They  vary  from 
sAb  to  jiff  of  an  inch  in 
diameter.  They  are  elongated 
and  cylindrical  in  form,  and 
the  concentric  markings  are 
less  di.stinct  than  in  the  pre- 
ceding variety.    The  liilum 


i 


1 

pre-         j 
ilum 
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Stakob  Obaivi  or  Wbsat  Flodb. 


faa  here  sometimes  the  form  of  a  circular  pore,  and  sometimes  that 
of  a  transverse  fissure  or  slit 

Tbe  grains  -of  wheat  starch  (Fig.  4)  are  still  smaller  than  those 
of  arrowroot      They    vary 

from  ttfAwt  to  ^i  «•  of  an  inch  ^'«-  *• 

in  diameter.  They  are 
nearly  circular  in  form,  with 
a  round  or  transverse  hilum, 
but  without  any  distinct 
appearance  of  lamination. 
Many  of  them  are  flattened 
or  compressed  laterally,  so 
that  they  present  a  broad 
surface  in  one  position,  and 
a  narrow  edge  when  viewed 
in  the  opposite  direction. 

The  starch  grains  of  In- 
dian com  (Fig.  5)  are  of 
nearly  the  same  size  with 

those  of  wheat  flour.  They  are  somewhat  more  irregular  and 
angular  in  shape;  and  are  often  marked  with  crossed  or  radiating 
lines,  as  if  from  partial  fracture. 

Starch  is  also  an  ingre- 
daeat  of  the  animal  body. 
It  was  first  observed  by 
Furkinj^  and  afterward  by 
KoUiker,'  that  certain  bodies 
are  to  be  found  in  the  interior 
of  the  brain,  about  the  late- 
ral ventricles,  in  the  fornix, 
septum  lucidum  and  other 
partem  which  present  a  cer- 
tain resemblance  to  starch 
grains,  and  which  have  there- 
fore been  called  "corpora 
amylacea."  Subsequently 
Virchow*  corroborated  the 
above  observations,  and  ascertained  the  corpora  amylacea  to  be 


Btabob  Obaikcof  Ibdiav  Cobb. 


t  Hftiidbaoh  der  Qewabelehra,  Leipiig,  1852,  p.  311. 
*  In  Amerioaa  Joamal  Med.  gkji.,  April,  1854,  p.  466. 
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Piir.  6. 


Stamch   Orairi   raoM    Wall    of    Latebal 
TkxTBicLKi;  {Tom  a  womao  aged  3.'>. 


really  aubstances  of  a  starchy  nature ;  since  tbey  ezbibit  the  usual 
chemical  reactions  of  vegetable  starch. 

The  starch  granules  of  the  human  brain  (Fig.  6)  are  transparent 

and  colorless,  like  those  from 
plants.  They  refract  the  light 
strongly,  and  vary  in  size 
from  ,V„5  to  tAb  of  an 
inch.  Their  average  is  jj'a^ 
of  an  inch.  They  are  some- 
times rounded  or  oval,  and 
sometimes  angular  in  shape. 
They  resemble  considerably 
in  appearance  the  starch 
granules  of  Indian  com.  The 
largest  of  them  present  a 
very  faint  concentric  lamina- 
tion, but  the  greater  number 
are  destitute  of  any  such 
appearance.  They  have 
nearly  always  a  distinct  hilum,  which  is  sometimes  circular  and 
sometimes  slit-shaped.  They  are  also  often  marked  with  delicate 
radiating  lines  and  shadows.  On  the  addition  of  iodine,  they  become 
colored,  first  purple,  afterward  of  a  deep  blue.  They  are  less  firm 
in  consistency  than  vegetable  starch  grains,  and  can  be  more  readily 
disintegrated  by  pressing  or  rubbing  them  upon  the  glass. 

Starch,  derived  from  all  these  difterent  sources,  has,  so  far  as 
known,  the  same  chemical  composition,  and  may  be  recognized  by 
the  same  tests.  It  is  insoluble  in  cold  water,  but  in  boiling  water 
its  granules  first  swell,  become  gelatinous  and  opaline,  then  fuse 
with  each  other,  and  finally  liquefy  altogether,  provided  a  sufiRcient 
quantity  of  water  be  present.  After  that,  they  cannot  be  made  to 
resume  their  original  form,  but  on  cooling  and  drying  merely  solidify 
into  a  homogeneous  ma.<»s  or  paste,  more  or  less  consistent,  accord- 
ing to  the  quantity  of  water  which  remains  in  union  with  it.  The 
starch  is  then  said  to  be  amorphous  or  "  hydrated."  By  this  process 
it  ia  not  essentially  altered  in  its  chemical  properties,  but  only  in 
its  physical  condition.  Whether  in  granules,  or  in  solution,  or  in 
an  amorphous  and  hydrated  state,  it  strikes  a  deep  blue  color  on 
the  addition  of  free  iodine- 
Starch  may  be  converted  into  sugar  by  three  different  methods. 
First,  by  boiling  with  a  dilute  acid.     If  starch  be  boiled  with  dilute 
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nitric,  salpburi<^  or  muriatic  acid  during  tbirty-six  hours,  it  first 
changes  its  opalescent  appearance,  and  becomes  colorless  and  trans- 
parent ;  losing  at  the  same  time  its  power  of  striking  a  blue  color 
with  iodine.  Afler  a  time,  it  begins  to  acquire  a  sweet  taste,  and 
is  finally  altogether  converted  into  a  peculiar  species  of  sugar. 

Secondly,  by  contact  with  certain  animal  and  vegetable  sub- 
stances. Thus,  boiled  starch  mixed  with  human  saliva  and  kept 
at  the  temperature  of  100°  F.,  is  converted  in  a  few  minutes  into 
sugar. 

Thirdly,  by  the  processes  of  nutrition  and  digestion  in  animals 
and  vegetables.  A  large  part  of  the  starch  stored  up  in  seeds  and 
other  vegetable  tissues  is,  at  some  period  or  other  of  the  growth  of 
die  plants  converted  into  sugar  by  the  molecular  changes  going  on 
in  the  vegetable  fabric.  It  is  in  this  way,  so  far  as  we  know,  that 
all  the  sugar  derived  from  vegetable  sources  has  its  origin. 

Starch,  as  a  proximate  principle,  is  more  especially  important  as 
entering  largely  into  the  composition  of  many  kinds  of  vegetable 
food.  With  these  it  is  introduced  into  the  alimentary  canal,  and 
there,  during  the  process  of  digestion,  is  converted  into  sugar. 
Consequently,  it  does  not  appear  in  the  blood,  nor  in  any  of  the 
secreted  fluids. 

2.  SUGAB. — ^This  group  of  proximate  principles  includes  a  con- 
siderable number  of  substances,  which  differ  in  certain  minor 
details,  while  they  resemble  each  other  in  the  following  particulars: 
They  are  readily  soluble  in  water,  and  crystallize  more  or  less 
perfectly  on  evaporation ;  they  have  a  distinct  sweet  taste ;  and 
finally,  by  the  process  of  fermentation,  they  are  converted  into 
alcohol  and  carbonic  acid. 

These  substances  are  derived  from  both  animal  and  vegetable 
sonroes.  The  varieties  of  sugar  most  familiar  to  us  are  the  fol- 
lowing : — 

Cane  lugAr, 

Grape  sagar, 

Sugar  of  staroh. 

Milk  sugar, 

Liter  sugar. 

The  cane  and  grape  sugars  are  held  in  solution  in  the  juices  of  the 
plants  from  which  they  derive  their  name.  Sugar  of  starch,  or  glu- 
COM,  may  be  produced  by  boiling  starch  for  a  long  time  with  a  dilute 
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ftcid,  and  is  alao  formed,  in  certain  plants,  by  the  transformation  of 
their  starchy  ingredients.  Liver  sugar  and  sugar  of  milk  are  pro- 
duced in  the  tissues  of  the  liver  and  the  mammary  gland,  by  a 
process  of  secretion.  Honey  contains  a  mixture  of  several  varie- 
ties of  sugar,  including  cane  sugar  and  glucose,  collectetl  from  the 
sweet  juices  of  flowering  plants  and  mingled  with  certain  animal 
ingredients. 

These  varieties  of  sugar  differ  but  little  in  their  ultimate  chem- 
ical composition.  The  following  formulie  have  been  established 
for  three  of  them. 

C»ne  suga.T =  C„HnO,j 

Milk  sug&r      ......=  C,,H„0„ 

Glucose  ,,,...=  C^E^fiif 

Cane  sugar  is  sweeter  than  most  of  the  other  varieties,  and  more 
Bolublu  in  water.  Some  sugars,  such  as  liver  sugar  and  sugar  of 
honey,  crystallize  only  with  great  difficulty ;  but  this  is  probably 
owing  to  their  being  mingled  with  other  substances,  from  which  it 
is  difficult  to  separate  them  completely.  If  they  c<:)uld  be  obtained 
in  a  state  of  purity,  they  would  doubtless  crystallize  as  perfectly  as 
cane  sugar.  The  diderent  sugars  vary  also  in  the  readiness  with 
which  they  undergo  fermentation.  Some  of  them,  as  grape  sugar 
and  liver  sugar,  eater  into  fermentation  very  promptly ;  others, 
such  as  milk  and  cane  sugar,  with  considerable  difficulty. 

The  above  are  not  to  be  regarded  as  the  only  varieties  of  sugar 
existing  in  nature.  On  the  contrary,  it  is  probable  that  nearly 
every  different  species  of  animal  and  vegetable  produces  a  distinct 
kind  of  sugar,  differing  slightly  from  the  rest  in  its  degree  of  sweet- 
ness, its  solubility,  its  crystallization,  its  aptitude  for  fermentation, 
and  perhaps  in  its  elementary  composition.  Nevertheless,  there  is 
so  close  a  resemblance  between  them  that  they  are  all  properly 
regarded  as  belonging  to  a  single  group. 

The  test  most  commonly  employed  for  detecting  the  presence  of 
sugar  is  that  known  as  Trommer's  test.  It  depends  upon  the  fact 
that  the  saccharine  substances  have  the  power  of  reducing  the 
persalts  of  copper  when  heated  with  them  in  an  alkaline  solution. 
The  test  is  applied  in  the  following  manner :  A  very  small  quantity 
of  sulphate  of  copper  in  solution  should  be  added  to  the  su.spected 
liquid,  and  the  mixture  then  rendered  distinctly  alkaline  by  the 
addition  of  caustic  potassa.    The  whole  solution  then  takes  a  deep 
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blae  color.  On  boiling  the  mixtQt<e,if  sugar  be  present,  the  in- 
soluble  suboxide  of  copper  is  thrown  down  as  an  opaque  red, 
yellow,  or  orange-colored  deposit;  otherwise  no  change  of  color 
takes  place. 

This  test  requires  some  precautions  in  its  application.  In  the 
first  place,  it  is  not  applicable  to  all  varieties  of  sugar.  Cane 
sugar,  for  example,  when  pure,  has  no  power  of  reducing  the  salts 
of  copper,  even  when  present  in  large  quantity.  Maple  sugar,  alsb, 
which  resembles  cane  sugar  in  some  other  respects,  reduces  the 
copper,  in  Trommer's  test,  but  slowly  and  imperfectly.  Beet-root 
sugar,  according  to  Bernard,  presents  the  same  peculiarity.  If 
these  sugars,  however,  be  boiled  for  two  or  three  minutes  with  a 
trace  of  sulphuric  acid,  they  become  converted  into  glucose,  and 
acquire  the  power  of  reducing  the  salts  of  copper.  Milk  sugar, 
liver  sugar,  and  sugar  of  honey,  as  well  as  grape  sugar  and  glucose, 
all  act  promptly  and  perfectly  with  Trommer's  test  in  their  natural 
condition. 

Secondly,  care  must  be  taken  to  add  to  the  suspected  liquid  only 
a  small  quantity  of  sulphate  of  copper,  just  sufficient  to  give  to  the 
whole  a  distinct  blue  tinge,  after  the  addition  of  the  alkali.  If  a 
larger  quantity  of  the  copper  salt  be  used,  the  sugar  in  solution 
may  not  be  sufficient  to  reduce  the  whole  of  it ;  and  that  which 
remains  as  a  blue  sulphate  will  mask  the  yellow  color  of  the  sul> 
oxide  thrown  down  as  a  deposit  By  a  little  care,  however,  in 
managing  the  testy  this  source  of  error  may  be  readily  avoided. 

Thirdly,  there  are  some  albuminous  substances  which  have  the 
power  of  interfering  with  Trommer's  test,  and  prevent  the  reduc- 
tion of  the  copper  even  when  sugar  is  present  Certain  animal 
matters,  to  be  more  particularly  described  hereafter,  which  are 
liable  to  be  held  in  solution  in  the  gastric  juice,  have  this  effect 
This  source  of  error  may  be  avoided,  and  the  substances  in  ques- 
tion eliminated  when  present,  by  treating  the  suspected  fluid  with 
animal  charcoal,  or  by  evaporating  and  extracting  it  with  alcohol 
before  the  application  of  the  test 

A  more  delicate  form  of  the  copper  test  for  glucose,  is  that 
known  as  Fehling's  Uquor,  which  is  an  alkaline  solution  of  a  double 
tartrate  of  copper  and  potash.    It  is  made  as  follows : — 
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Pare  crystallizdJ  Sulphate  of  Copper,  500  grains. 

Neutral  Tartrate  of  Potassa,  2000  grains. 

A  solutioa  of  Caustic  Soda  (of  the  specific  gravity  1.12),  8760 
grains. 

The  neutral  tartrate  of  potassa,  dissolved  in  a  little  water,  is  first 
mixed  with  the  solution  of  caustic  soda.  Then  the  sulphate  of 
copper,  dissolved  in  about  4J  fluid  ounces  of  water,  is  gradually 
added  to  the  alkaline  liquor,  which  assumes  a  clear  deep-blue  color. 
The  whole  is  finally  diluted  with  water  to  the  volume  of  31|  fluid 
ounces.  The  advantage  of  Fehling's  test  liquor  is  that  the  quan- 
tity of  copper  salt  contained  in  a  given  volume  is  accurately 
known,  and  consequeittly  not  only  the  presence,  but  also  the 
amount  of  sugar  in  any  liquid  may  be  determined  by  the  quantity 
of  test -liquid  which  it  decomposes  at  a  boiling  temperature. 
One  cubic  centimetre  (about  ^  of  a  fluid  dniohm)  of  Fehling's 
liquor  is  exactly  decolorized  by  .077  of  a  grain  of  glucose.  The 
lest  is  also  a  very  delicate  one.  One  drop  of  Fehling's  liquor  will 
detect  Yj'cn;  of  a  grain  of  glucose,  dissolved  in  one  cubic  centimetre 
of  water,  if  the  test  be  carefully  applied. 

One  precaution  however  must  be  taken  in  the  use  of  this  test. 
As  Fehling's  liquor  is  apt  to  become  changed  after  being  exposed 
for  some  time  to  the  air,  so  that  it  will  partially  precipitate  on 
boiling  even  without  the  presence  of  sugar,  it  is  essential  in  every 
case  where  a  suspected  liquid  is  examined  for  sugar,  that  a  small 
portion  of  the  test  liquid  employed  should  be  previously  boiled 
in  order  to  be  sure  that  it  will  not  precipitate  spontaneously. 

A  less  convenient  but  still  valuable  test  for  sugar  is  that  of 
fermentation.  The  saccharine  fluid  is  mixed  with  a  little  yeast, 
and  kept  at  a  temperature  of  70°  to  100**  F,  until  the  fer- 
menting process  is  completed.  By  this  process,  as  already  men- 
tioned, the  sugar  is  convene*!  into  alcohol  and  carbonic  acid.  The 
gas,  which  is  given  off"  in  minute  bubbles  during  fermentation, 
should  be  collected  and  examined.  The  remaining  fluid  is  purified 
by  distillation  and  also  subjected  to  examination.  If  the  gas  be 
found  to  be  carbonic  acid,  and  the  remaining  fluid  contain  alcohol, 
there  can  be  no  doubt  that  sugar  was  present  at  the  commencement 
of  the  operation. 

The  following  list  shows  the  percentage  of  sugar  in  various 
articles  of  food.' 

I  Peniira,  op.  cit.,  p.  55. 
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62.60 

Wheat  floor . 

.     5.40 

.    1812 

^ye  meal     . 

3.28 

16.48 

Indian  meal 

1.45 

,     12.50 

Peas     . 

.      2.00 

11.52 

Cow's  milk  . 

4.77 

9.00 

Ass's  milk    . 

6.08 

6.00 

Baman  milk 

6.50 

6.21 

QuaiiTiTT  OP  Sdoab  nr  100  pabtb  » 
Kg«       . 
Cherriea 
Peaohea 
Tamarinds 
Pears 
Beets     . 
Sweet  almonds 
Barlejr  meal  . 

Beside  the  sugar,  therefore,  which  is  taken  into  the  alimentary 
caaal  in  a  pure  form,  a  large  quantity  is  also  introduced  as  an  in- 
gredient of  the  sweet-flavored  fruits  and  vegetables.  All  the 
starchy  substances  of  the  food  are  also  converted  into  sugar  in  the 
process  of  digestion.  Two  of  the  varieties  of  sugar,  at  least, 
originate  in  the  interior  of  the  body,  viz.,  sugar  of  milk  and  liver 
sugar.  The  former  exists  in  a  solid  form  in  the  substance  of  the 
mammary  gland,  from  which  it  passes  in  solution  into  the  milk. 
The  liver  sugar  is  found  in  the  substance  of  the  liver,  and  also  in 
the  blood  of  the  hepatic  veins.  The  sugar  which  is  introduced 
with  the  food,  as  well  as  that  which  is  formed  in  the  liver,  disap- 
pears by  decomposition  in  the  animal  fluids,  and  does  not  appear 
in  any  of  the  excretions. 


8.  Fats. — These  substances,  like  the  sugars,  are  derived  from 
both  animal  and  vegetable  sources.  There  are  three  principal 
varieties  of  them,  which  may  be  considered  as  representing  the 
daas,  viz:— 

Oleina 

Margarine 


Stearine 


'  C:«  H„  0„ 


The  principal  difference  between  the  oleaginous  and  saccharine 
sabstanoe^  so  fiiur  as  regards  their  ultimate  chemical  composition, 
is  tiiat  in  the  sugars  the  oxygen  and  hydrogen  always  exist  together 
in  the  proportion  to  form  water ;  while  in  the  fats  the  proportions  of 
carbon  and  hydrogen  are  nearly  the  same,  but  that  of  oxygen  is 
considerably  leea.  The  &ts  are  all  fluid  at  a  high  temperature,  but 
assume  the  solid  form  on  cooling.  Stearine,  which  is  the  most 
solid  of  the  three^  liquefies  only  at  143"  F. ;  margarine  at  118°  F. ; 
while  oleine  remains  fluid  considerably  below  100**  F.,  and  even 
very  near  the  freezing  point  of  water.  The  fats  are  all  insoluble 
in  water,  but  readily  soluble  in  ether.  By  prolonged  boiling  in 
water  with  a  caustic  alkali,  they  are  decomposed,  and  as  the  result  of 
the  decomposition  there  arc  formed  two  new  bodies ;  first,  glycerine, 
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wtich  is  a  neutral  fluid  substance,  and  secondly,  a  fatty  acid,  viz  i 
oleic,  margaric,  or  stearic  acid,  corresponding  to  the  kind  of  fat 
whicli  has  been  used  in  the  experiment.  The  glycerine  remains  in 
a  free  state,  while  the  fatty  acid  unites  with  the  alkali  employed, 
forming  an  oleate,  margarate,  or  stearate.  This  combination  ia 
termed  a  snap,  and  the  process  by  which  it  is  formed  is  culled 
saponification.  This  process,  however,  is  not  a  simple  decomposition 
of  the  fatty  body,  since  it  can  only  take  place  in  the  presence  of 
water;  several  equivalents  of  which  unite  with  the  elements  of  the 
fatty  body,  and  enter  into  the  composition  of  the  glycerine,  &c.,  so 
that  the  fatty  acid  and  the  glycerine  together  weigh  more  than  the 
original  fatty  substance  which  was  decomposed.  It  is  not  proper, 
therefore,  to  regard  an  oleaginous  body  a&  formed  by  the  union  of  a 
fatty  acid  with  glycerine.  It  is  formed,  on  the  contrary,  in  all  pro- 
bability, by  the  direct  corabinatioa  of  its  ultimate  chemical  elements. 
The  difterent  kinds  of  oil,  fat,  lard,  suet,  &c.,  contain  the  three 
oleaginous  matters  mentioned  above,  mingled  together  in  difterent 
proportions.  The  more  solid  fats  contain  a  larger  quantity  of 
Btearine  and  margarine ;  the  less  consistent  varieties,  a  larger  pro- 
portion of  oleine.  Neither  of  the  oleaginous  matters,  stearine, 
margarine,  or  oleine,  ever  occur  separately;  hut  in  every  fatty  sub- 
stance they  are  mingled  together,  so  that  the  more  fluid  of  them  hold 
in  solution  the  more  solid. 

Generally  speaking,  in  the  ^^'  '• 

living  body,  these  mixtures 
are  fluid,  or  nearly  so;  for 
though  both  stearine  and 
margarine  are  solid,  when 
pure,  at  the  ordinary  tem- 
perature of  the  body,  they 
are  held  in  solution,  daring 
life,  by  the  oleine  with  which 
they  are  associated.  After 
death,  however,  as  the  body 
cools,  the  stearine  and  mar- 
gaj-ine  sometimes  separate 
from  the  mixture  in  a  crys- 
talline form,  since  the  oleine 
cau  no  longer  hold  in  solu- 
tion so  large  a  quantity  of  them  as  it  bad  dissolved  at  a  higher 
temperature. 
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These  substances  crystallize  in  very  slender  needles,  which  are 
s<Jinetimes  straight,  but  more  often  somewhat  curved  or  wavy  in 
their  outline.  (Fig.  7.) 

They  are  always  deposited  in  a  more  or  less  radiated  form ;  and 
have  sometimes  a  very  elegant,  branched,  or  arborescent  arrange- 
ment 
When  in  a  fluid  state,  the  fatty  substances  present  themselves 

under  the  form  of  drops  or 
^'  globules,  which  vary  indefi- 

nitely in  size,  but  which 
may  be  readily  recognized 
by  their  optical  properties. 
They  are  circular  in  shape, 
and  have  a  faint  amber  color, 
distinct  in  the  larger  globules, 
less  so  in  the  smaller.  They 
have  a  sharp,  well  defined 
outline  (Fig.  8);  and  as  they 
refract  the  light  strongly, 
and  act  therefore  as  double 
convex  lenses,  they  present 
a  brilliant  centre,  surrounded 
by  a  dark  border.  These 
marks  will  generally  be 
sufficient  to  distinguish  them  under  the  nucroscope. 

The  following  list  shows  the  percentage  of  oily  matter  present  in 
various  kinds  of  animal  and  vegetable  food.' 

QoAMTiTV  or  Fat  tn  100  pABts  im 
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Pilberta  . 

.     60.00 

Ordinary  meat 

.     14.S0 

Walnats 

.     50.00 

Liver  of  the  ox 

3.89 

Cocon-imta 

.     47.00 

Cow'ft  milk     . 

.       3.13 

OllTes      . 

.     32.00 

HuiiiAn  milk 

.       S.-IS 

Linseeil 

.     22.00 

Asftfs'  milk  . 

.       O.ll 

Indian  Com 

.       9.00 

Ooats'  milk    . 

.       3.32 

Yolk  or  eggi  . 

.     28.00 

The  oleaginous  matters  present  a  striking  peculiarity  as  to  the 
form  under  which  they  exist  in  the  auimal  body;  a  peculiarity 
which  distinguishes  them  from  all  the  other  proximate  principles. 
The  rest  of  the  proximate  principles  are  all  intimately  associated 
together  by  molecular  union,  so  as  to  form  either  clear  solutions  or 


'  Pereira,  op.  oil.,  p.  81. 
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solid  a.     Thus,  the 


omogeneous  Boiida.  inus,  ine  sugars  of  the  blood  are  in  solution 
in  waterj  in  company  with  the  albumen,  the  phosphate  of  lime, 
chloride  of  sodium,  and  the  like;  all  of  them  equally  distributed 
throughout  the  entire  mass  of  the  fluid.  In  the  bones  and  car- 
tilages, the  animal  matters  and  the  calcareous  salts  are  in  similarly 
intimate  union  with  e^cli  other;  and  in  every  other  part  of  the 
body  the  animal  and  inorganic  ingredients  are  united  in  the  same 
way.  But  it  is  different  with  the  fats.  For,  while  the  three  prin- 
cipal varieties  of  oleaginous  matter  are  always  united  with  each 
other,  they  are  not  united  with  any  of  the  other  kinds  of  proximate 
principles;  that  is,  with  water,  saline  substances,  sugars,  or  albu- 
minous matters.  Almost  the  only  exception  to  this  is  in  the  nerv- 
ous tissue;  in  which,  according  to  Robin  and  Verdeil,  the  oily 
matters  seem  to  be  united  with  an  albuminoid  substance.  Another 
exception  is,  perhaps,  in  the  bile ;  since  some  of  the  biliary  salts 
have  the  power  of  dissolving  a  certain  quantity  of  fat.  Everj- 
wliere  else,  instead  of  forming  a  homogeneous  solid  or  fluid  with 
the  other  proximate  principles,  the  oleaginous  matters  are  found 
in  distinct  masses  or  globules,  which  are  suspended  in  serous  fluids, 
interposed  in  the  interstices  between  the  anatomical  elements,  in- 
cluded in  the  interior  of  cells,  or  deposited  in  the  substance  of 
fibres  or  membranes.  Even  in  the  vegetable  tissues,  the  oil  is 
always  deposited  in  this  manner  in  distinct  drops  or  granules. 

Owing  to  this  fact,  the  oils  can  be  easily  extracted  from  the 
organized  tissues  by  the  employment  of  simply  meclianical  pro- 
cesses. The  tissues,  animal  or  vegetable,  arc  merely  cut  into  small 
pieces  and  subjected  to  pressure,  by  which  the  oil  is  forced  out 
from  the  parts  in  which  it  was  entangled,  and  separated,  without 
any  further  manipulation,  in  a  state  of  purity.  A  moderately 
elevated  temperature  facilitates  the  operation  by  increasing  the 
fluidity  of  the  oleaginous  matter;  but  no  other  chemical  agency  is 
required  for  its  separation.  Under  the  microscope,  also,  the  oil- 
drops  and  granules  can  be  readily  perceived  and  distinguished 
from  the  remaining  parts  of  the  tissue,  and  can,  moreover,  be 
easily  recognized  by  the  dissohnng  action  of  ether,  which  acts 
upon  them,  as  a  general  rule,  without  attacking  the  other  proxi- 
mate principles. 

Oils  are  found,  in  the  animal  liody,  most  abundantly  in  the 
adipose  tissue.  Here  they  are  c<mtained  in  the  interior  of  the 
adipose  vesicles,  the  cavities  of  which  they  entirely  fill,  in  a  state 
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of  health.     These  vesicles  are  transparent,  and  have  a  somewhat 
angular  form,  owing  to  their  mutual  compression.  (Fig.  9.)     They 

vary  in  diameter,  in  the  hu- 
man subject,  from  qAq  to  g^i^ 
of  ao  inch,  and  are  composed 
of  a  thin,  structureless  ani- 
mal membrane,  forming  a 
closed  sac,  in  the  interior  of 
which  the  oily  matter  is  con- 
tained. There  is  here,  accord- 
ingly, no  union  whatever  of 
the  oil  with  the  other  proxi- 
mate principles,  but  only  a 
mechanical  inclusion  of  it  in 
the  interior  of  the  vesicles. 
Sometimes,  when  emaciation 
is  going  on,  the  oil  partially 
disappears  from  the  cavity  of 
the  adipose  vesicle,  and  its  place  is  taken  by  a  watery  serum ;  but 
the  serous  and  oily  fluids  always  remain  distinct,  and  occupy  differ- 
ent parts  of  the  cavity  of  the  vesicle. 

In  the  chyle,  the  oleaginous  matter  is  in  a  state  of  emulsion  or 
suspension  in  the  form  of  minute  particles  in  a  serous  fluid.     Its 

subdivision  is  here  more  corn- 
Fig-  10,  plete,  and  its  molecules  more 
minute,  than  anywhere  else 
in  the  body.  It  presents  the 
appearance  of  a  fine  granular 
dust,  which  has  been  known 
by  the  name  of  the  "molecu- 
lar base  of  the  chyle."  A 
few  of  these  granules  are  to 
be  seen  which  measure  ^^hnv 
of  an  inch  in  diameter ;  but 
they  are  generally  much  less 
than  this,  and  the  greater  part 
are  so  small  that  they  cannot 
be  accurately  measured.  (Fig. 
10.)  For  the  same  reason 
they  do  not  present  the  bril- 
liant centre  and  dark  border  of  the  larger  oil-globules ;  but  appear 
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by  transmitted  light  only  as  minute  dark  granules.  The  while 
color  and  opacity  of  the  chyle,  as  of  all  other  fatty  emulaiona 
depend  upon  this  molecular  condition  of  the  oily  ingredients.  The 
albumen,  salts,  kc.,  which  are  in  intimate  union  with  each  other, 
and  in  solution  in  the  water,  would  alone  make  a  colorless  and 
transparent  fluid  \  but  the  oily  matters,  suspended  in  distinct  par- 
ticles, whiich  have  a  different  refractive  power  from  the  serouM  fluid, 
interfere  with  its  transparency 

and  give  it  the  white  color  and  *''*•  ^^' 

opaque  appearance  which  are 
characteristic  of  emulsions. 
The  oleaginous  nature  of  these 
particles  is  readily  shown  by 
their  solubility  in  ether. 

In  the  milk,  the  oily  rasitter 
occurs  in  larger  ma.Hse.s  than     IV*        O^*'  ^  C^     ^   O 
in  the  chyle.     In  cow's  milk  ~ 

(Fig.  11),  these  oil-drops,  or 
"milk-globules,"  are  not  quite 
fluid,  but  have  a  pasty  con- 
sistency, owing  to  the  large 
quantity  of  margarine  which 
they  contain,  in  proportion  to 
the  oleine.  When  forcibly  amalgamated  with  each  other  and 
collected  into  a  mass  by  prolonged  beating  or  churning,  they  con- 
stitute butter.    In  cow's  milk. 


o  O  ^  OOOO 
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avo9vi.M»  or  Cow's  Milk. 


the  globules  vary  somewhat 
in  size,  but  their  average 
diameter  is  ^tjVn  of  an  inch. 
They  are  simply  suspended 
in  the  serous  fluid  of  the 
milk,  and  are  not  covered 
with  any  albuminous  mem- 
brane. 

In  the  cells  of  the  laryn- 
geal, tracheal,  and  costal  car- 
tilages (Fig.  12),  there  is 
always  more  or  less  fat  de- 
posited in  the  form  of  rounded 
globules,  somewhat  similar  to 
those  of  the  milk. 


rig.  12. 
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In  the  glandular  cells  of  the  liver,  oil  oocura  constantly,  in  a 

Btate  of  health.     It  is  here  deposited  in  the  substance  of  the  cell 

(Fig.l3),  generally  in  smaller 
^^*  ^^'  glohuleiJ  than  the  preceding. 

In  some  cases  of  disease,  it 
accumulates  in  excessive 
quantity,  and  produces  the 
state  known  as  fatty  degene- 
ration of  the  liver.  This  is 
consequently  only  an  ex- 
aggerated condition  of  that 
which  normally  exists  in 
health. 

In  the  carnivorous  animals 
oil  exists  in  considerable 
quantity  in  the  convoluted 
portion  of  the  uriniferous 
tubules.  (Fig.  14.)  It  is  here 

in  the  form  of  granules  and  rounded  drops,  which  sometimes  appear 

to  fill  nearly  the  whole  calibre  of  the  tubules. 

It  ia  found  also  in  the  secreting  cells  of  the  sebaceous  and  other 

glandules,  deposited  in  the 
^^^'  ^^  same  manner  as  in  those  of 

the  liver,  but  in  smaller 
quantity.  It  exists,  beside, 
in  large  proportion,  in  a 
granular  form,  in  the  secre- 
tion of  the  sebaceous  gland- 
ules. 

It  occurs  abundantly  in 
the  marrow  of  the  bones, 
both  under  the  form  of  free 
oil-globules  and  inclosed  in 
the  vesicles  of  adipose  tissue. 
It  is  found  in  considerable 
quantity  in  the  substance  of 
the  yellow  wall  of  the  corpus 
luteum,  and  is  the  immediate 

caose  of  the  peculiar  color  of  this  body. 

It  occurs  also  in   the  form  of  granules  and  oil-drops  in  the 

moscular  fibres  of  the  uterus  (Fig.  15),  in  which  it  begins  to  be 
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deposited  soon  after  delivervj  and  where  it  continues  to  be  presenti- 
during  the  whole  period  of  the  resorption  or  involution  of  this  organ — 

In  all  these  instances,  the  oleaginous  matters  remain  distiuct  it 
form  and  situation  from  the 
other  ingredients  of  the  ani-  ^* 

mat  frame,  and  are  only  me- 
chanically entangled  among 
its  fibres  and  cells,  or  im- 
bedded separately  in  their 
interior, 

A    large  part  of  the  fat 
which  is  found  in  the  body 
may  be  accounted  for  by  that 
which  is  taken  in  with  the 
food,  since  oily  mfttter  occurs 
in  both  animal  and  vegetable 
substances.    Fat  is,  however, 
formed  in  the  body,  independ- 
ently of  what  is  introduced 
with    the    food.      This    im- 
portant fact  has  been  definitely  ascertained  by  the  experiments  of 
MM.  Dumas  and  Milne-Edwards  on  bees,'  M.  Persoz  on  geese,'  and 
finally  by  those  of  M,  Boussingault  on  geese,  ducks,  and  pigs.*    The 
observers  first  ascertained  the  quantity  of  fat  existing  in  the  whole 
body  at  the  commencement  of  the  experiment.     The  animals  were 
then   subjected   to   a   definite   nutritious   regimen,  in  which   the 
quantity  of  fatty  matter  was  duly  ascertained  by  analysis.     The 
experiments  lasted  for  a  perio<l  varying,  in  different  instances,  from 
thirty  one  days  to  eight  months;   after  which  the  animals  were 
killed  and  all  their  tissues  examined.     The  result  of  these  investi- 
gations showed  that  considerably  more  fat  had  been  accumulated 
by  the  animal  during  the  course  of  the  experiment  than  could  be 
accounted  for  by  that  which  existed  in  the  food ;  and  placed  it 
beyond  a  doubt  that  oleaginous  substances  may  be,  and  actually 
are,  formed  in  the  interior  of  the  animal  body  by  the  decomposition 
or  metamorphosis  of  other  proximate  principles. 

It  is  not  known  from  what  proximate  principles  the  fat  is  pro- 
duced, when  it  originates  in  this  way  in  the  interior  of  the  bod  v 
Particular  kinds  of  food  certainly  favor  its  production  and  accu- 


*  AoQalu  de  Ctaim.  et  de  Phjs.,  3<)  Rfries,  rol.  ziv.  p.  400.  *  Ibid.,  p.  4<^8. 
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inulation  to  a  considerable  degree.  It  is  well  known,  for  instance, 
that  in  sugar-growing  countries,  as  in  Louisiana  and  the  West 
Indies,  during  the  few  weeks  occupied  in  gathering  the  cane  and 
extracting  the  sugar,  all  the  negroes  employed  on  the  plantations, 
and  even  the  horses  and  cattle,  that  are  allowed  to  feed  freely  on 
the  saccharine  juices,  grow  remarkably  fat;  and  that  they  again  lose 
tlieir  superabundant  flesh  when  the  season  is  past.  Even  in  these 
instances,  however,  it  is  not  certain  whether  the  saccharine  substances 
are  directly  converted  into  fat,  or  whether  they  are  first  assimilated 
and  only  afterward  supply  the  materials  for  its  production.  The 
abundant  accumulation  of  fat  in  certain  regions  of  the  body,  and  its 
absence  in  others;  and  more  particularly  its  constant  occurrence  in 
certain  situations  to  which  it  could  not  be  transported  by  the  blood, 
as  for  example  the  interior  of  the  cells  of  the  costal  cartilages,  the 
substance  of  the  muscular  fibres  of  the  uterus  after  parturition,  &c,, 
make  it  probable  that  under  ordinary  conditions  the  oily  matter  is 
formed  by  decomposition  of  the  tissues  upon  the  very  spot  wliere 
it  subsequently  makes  its  appearance. 

In  the  female  during  lactation  a  large  part  of  the  oily  matter 
introduced  with  the  fbod,  or  formed  in  the  body,  is  discharged  with 
the  milk,  and  goes  to  the  support  of  the  infant.  But  in  the  female 
in  the  intervals  of  lactation,  and  in  thu  male  at  all  times,  the  oily 
matters  almost  entirely  disappear  by  decomposition  in  the  interior 
of  the  bo<ly;  since  the  small  quantity  which  is  discharged  with  the 
sebaceous  matter  by  the  skin  bears  only  an  insignificant  proportion 
to  that  which  is  introduced  daily  with  the  food. 

The  most  important  characteristic,  in  a  physiological  point  of 
view,  of  the  proximate  principles  of  the  second  class,  relates  to  their 
origin  and  their  final  destination.  Not  only  are  they  all  of  a  purely 
organic  origin,  making  their  appearance  first  in  the  interior  of  vege- 
tables ;  but  the  sugars  and  the  oils  are  formed  also,  to  a  certain  ex- 
tent, in  the  bodies  of  animals;  continuing  to  make  their  appearance 
when  no  similar  substances,  or  only  an  insufficient  quantity  of  them. 
have  been  taken  with  the  food.  Furthermore,  when  introduced 
irith  the  food,  or  formed  in  the  body  and  deposited  in  the  tissues, 
these  substances  do  not  reappear  in  the  secretions.  They,  therefore, 
for  the  most  part  disappear  by  decomposition  in  the  interior  of  the 
body.  They  pass  through  a  series  of  changes  by  whicli  their  es- 
sential characters  are  destroyed ;  and  they  are  finally  replaced  in 
the  circulation  by  other  substances,  which  are  discharged  with  the 
excreted  fluids. 
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CHAPTER    IV. 


PROXIMATE  PRINCIPLES  OF  THE  THIRD  CLASS. 


The  substances  belonging  to  this  class  are  very  important,  and 
form  by  far  the  greater  part  of  the  entire  mass  of  the  body.  They 
are  derived  both  from  animal  and  vegetable  sources.  They  have 
been  known  by  the  name  of  the  "  protein  compounds"  and  the 
"  albuminoid  substances."  The  name  orgaiiic  substances  was  given 
to  them  by  Robin  and  Verdeil,  by  whom  their  distinguishing  pro- 
perties were  first  accurately  described.  They  have  not  only  an 
organic  origin,  ia  common  with  the  proximate  principles  of  the 
second  class,  but  their  chemical  constitution,  their  physical  struc- 
ture and  characters,  and  the  changes  which  they  undergo,  are  all  so 
difterent  from  those  met  with  in  any  other  class,  that  the  terra  '*  or- 
ganic substances"  proper  appears  particularly  appropriate  to  ihem. 
-  Tlieir  first  peculiarity  is  that  they  are  not  crystallizable.  They 
always,  when  pure,  assume  an  amorphous  condition,  which  is  some- 
times solid  (organic  substance  of  the  bones),  sometimes  fluid  (albu> 
men  of  the  blood),  and  sometimes  semi-solid  in  consistency,  midway 
between  the  solid  and  fluid  condition  (organic  substance  of  the 
muscular  fibre), 

Their  chemical  constitution  differs  from  that  of  bodies  of  the 
second  class,  first  in  the  fact  that  they  all  contain  the  four  chemical 
elements,  oxygen^  hydrogen,  carbon,  and  nitrogen;  while  the 
starches,  sugars,  and  oils  are  destitute  of  the  last  named  ingredient. 
The  organic  matters  have  therefore  been  sometimes  known  by  the 
name  of  the  "  nitrogenous  substances,"  while  the  sugars,  starch,  and 
oils  have  been  called  "  nou -nitrogenous."  Some  of  the  organic  mat- 
ters, viz.,  albumen,  fibrin,  ami  casein,  contain  sulphur  also,  as  an  in- 
gredient; and  others,  viz.,  the  coloring  matters,  contain  iron.  The 
remainder  consist  of  oxygen,  hydrogen,  carbon,  and  nitrogen  alone. 

The  most  important  peculiarity,  however,  of  the  organic  sub- 
stances, relating  to  their  chemical  composition,  is  that  it  is  not 
definite.  That  is  to  say,  they  do  not  always  contain  precisely  the 
same  proportions  of  oxygen,  hydrogen,  carbon,  and  nitrogen ;  but 
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the  relative  quantities  of  these  elements  varj  within  certain  limits, 
in  different  individuals  and  at  diff'erent  times,  without  modifying,  in 
any  essential  degree,  the  peculiar  properties  of  the  animal  matters 
which  they  constitute.  This  fact  is  altogether  a  special  one,  and 
characteristic  of  organic  substances.  No  substance  having  a  definite 
chemical  composition,  like  phosphate  of  lime,  starch,  or  olein,  can 
suffer  the  slightest  change  in  its  ultimate  constitution  without  bciQg. 
by  that  fact  alone,  totally  altered  in  its  essential  properties.  If 
phosphate  of  lime,  for  example,  were  to  lose  one  or  two  equivalents 
of  oxygen,  an  entire  destruction  of  the  salt  would  necessarily  result, 
and  it  would  cease  to  be  phosphate  of  lime.  For  its  properties  as  a 
salt  depend  entirely  upon  its  ultimate  chemical  constitution ;  and  if 
the  latter  be  changed  in  any  way,  the  former  are  necessarily  lost. 

But  the  properties  which  distinguish  the  organic  substances,  and 
which  make  them  important  as  ingredients  of  the  body,  do  not 
depend  immediately  upon  their  ultimate  chemical  constitution,  and 
are  of  a  peculiar  character ;  being  such  as  are  only  manifested  in 
the  interior  of  the  living  organism.  Albumen,  therefore,  though 
it  may  contain  a  few  equivalents  more  or  less  of  "Oxygen  or  nitrogen, 
does  not  on  that  account  cease  to  be  albumen,  so  long  as  it  retains 
its  fluidity  and  its  aptitude  for  undergoing  the  processes  of  absorp- 
tion and  transformation,  which  characterize  it  as  an  ingredient  of 
the  living  body. 

It  is  for  this  reason  that  considerable  discrepancy  has  existed  at 
various  times  among  chemists  as  to  the  real  ultimate  composition 
of  these  substances,  different  experimenters  often  obtaining  differ- 
ent analytical  results.  This  is  not  owing  to  any  inaccuracy  in  the 
analyses,  but  to  the  fact  that  the  organic  substance  itself  really  has 
a  different  ultimate  constitution  at  different  times.  The  most  ap- 
proved formulffi  are  those  which  have  been  established  by  Liebig 
for  the  following  substances : — 

Fibrin =  C»,H«N^O,A 

Albumen ^  ^iMHin^n^u^t 

Casein =  CnAu^afii^ 

Owing  to  the  above  mentioned  variations,  however,  the  same 
degree  of  importance  does  not  attach  to  the  quantitative  ultimate 
analysis  of  an  organic  matter,  as  to  that  of  other  substances. 

This  absence  of  a  definite  chemical  constitution  in  the  organic  sub- 
stances is  undoubtedly  connected  with  their  incapacity  for  crystalli- 
zation. It  is  also  connected  with  another  almost  equally  peculiar 
fact,  viz.,  that  although  the  organic  substances  unite  with  acids  and 
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with  alkalies,  they  do  not  play  the  part  of  an  acid  towards  the  " 
or  of  a  base  towards  the  acid  ;  for  the  acid  or  alkaliue  reaction  of, 
the  substance  employed  is  not  neutralized,  but  remains  as  8tn.>nj 
after  the  combination  as  before.     Futhermore,  the  union  does  nc 
take  place,  so  far  as  can  be  ascertained,  in  any  definite  projwrtior 
The  organic  substances  have,  in  fact,  no  combining  equivalent ;  an< 
their  molecular  reactions  and  the  changes  which  they  undergo  in 
the  body  cannot  therefore  be  expressed  by  the  ordinary  chemicab 
phrases  which  are  adapted  to  inorganic  substances.     Their  trual 
characters,  as  proximate  principles,  are  accordingly  to  be  sought 
for  in  other  properties  than  those  which  depend  upon  their  exact 
ultimate  composition. 

One  of  these  characters  is  that  they  are  hygroscopic.  As  met  with 
in  different  parts  of  the  body,  they  present  different  degrees  of  con- 
sistency ;  some  being  nearly  solid,  others  more  or  less  fluid.  But  on 
being  subjected  to  evaporation  they  all  lose  water,  and  are  reduced 
to  a  perfectly  solid  form.  If  after  this  desiccation  they  be  exposed 
to  the  contact  of  moisture,  they  again  absorb  water,  swell,  and 
regain  their  original  mass  and  consistency.  This  phenomenon  is 
quite  different  from  that  of  capillary  attraction,  by  which  eome  in- 
organic substances  become  moistened  when  exposed  to  the  contact 
of  water;  for  in  the  latter  case  the  water  is  simply  entangled  me- 
chanically in  the  meshes  and  pores  of  the  inorganic  body,  while  that 
which  is  absorbed  by  the  organic  matter  is  actually  united  with  its 
substfince,  and  diffused  equally  throughout  its  entire  mas.s.  Every 
organic  matter  is  naturally  united  in  this  way  with  a  certain  quantity 
of  water,  some  more  and  some  less.  Thus  the  albumen  of  the  blood 
is  in  union  with  so  much  water  that  it  has  the  fluid  form,  while  the 
organic  substance  of  cartilage  contains  less  and  is  of  a  firmer  con- 
sistency. The  quantity  of  water  contained  in  each  organic  subJ 
stance  may  be  diminished  by  artificial  desiccation,  or  by  a  deficienu 
suppl  y  -,  but  neither  of  them  can  be  made  to  take  up  more  than  a' 
certain  amount.  Thus  if  the  albumen  of  the  blood  and  the  organic 
substance  of  cartilage  bo  both  reduced  by  evaporation  to  a  similar 
degree  of  dryness  and  then  placed  in  water,  the  albumen  will  absorb 
so  much  a.**  again  to  become  fluid,  but  the  cartilaginous  substance 
only  so  much  as  to  regain  its  usual  nearly  solid  consistency.  Even 
where  the  organic  substance,  therefore,  as  in  the  case  of  albumen, 
becomes  fluid  under  these  circumstances,  it  is  not  exactly  a  solution 
of  it  in  water,  but  only  a  reabsorption  by  it  of  that  quantity  of  fluid 
with  which  it  is  naturally  associated. 
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Another  peculiar  phenomenon  characteristic  of  organic  substances 
is  their  coagulation.  Those  which  are  naturally  fluid  suddenly  as- 
sume, under  certain  conditions,  a  solid  or  semi-solid  consistency. 
They  are  then  said  to  be  coagulated;  and  after  coagulation  they 
cannot  be  made  to  resume  their  original  condition.  Thus  fibrin 
coagulates  on  being  withdrawn  from  the  bloodvessels,  albumen  on 
being  subjected  to  the  temperature  of  boiling  water,  casein  on  being 
placed  in  contact  with  an  acid.  When  an  organic  substance  thus 
coagulates,  the  change  which  takes  place  is  a  peculiar  one,  and  has 
no  resemblance  to  the  precipitation  of  a  solid  substance  from  a 
watery  solution.  On  the  contrary,  the  organic  substance  merely 
assumes  a  special  condition ;  and  in  passing  into  the  solid  form  it 
retains  all  the  water  with  which  it  was  previously  united.  Albumen, 
for  example,  after  coagulation,  retains  the  same  quantity  of  water  in 
union  with  it,  which  it  held  before.  After  coagulation,  accordingly, 
this  water  may  be  driven  off  by  evaporation,  in  the  same  manner 
as  previously ;  and  on  being  again  exposed  to  moisture,  the  organic 
matter  will  again  absorb  the  same  quantity,  though  it  will  not  re- 
same  the  fluid  form. 

By  coagulation,  an  organic  substance  is  permanently  altered ;  and 
though  it  may  be  aftierwards  dissolved  by  certain  chemical  re-agents, 
as,  for  example,  the  caustic  alkalies,  it  is  not  thereby  restored  to  its 
original  condition,  but  only  suffers  a  still  further  alteration. 

In  many  instances  we  are  obliged  to  resort  to  coagulation  in 
order  to  separate  an  organic  substance  from  the  other  proximate 
principles  with  which  it  is  associated.  This  is  the  case,  for  example, 
with  the  fibrin  of  the  blood,  which  is  obtained  in  the  form  of  floc- 
culi,  by  beating  freshly-drawn  blood  with  a  bundle  of  rods.  But 
when  separated  in  this  way,  it  is  already  in  an  unnatural  condition, 
and  no  longer  represents  exactly  the  original  fluid  fibrin,  as  it  ex- 
isted in  the  circulating  blood.  Nevertheless,  this  is  the  only  mode 
in  which  it  can  be  examined,  as  there  are  no  means  of  bringing  it 
back  to  its  previous  condition. 

Another  important  property  of  the  organic  substances  is  that 
they  readily  excite,  in  other  proximate  principles  and  in  each  other, 
those  peculiar  indirect  chemical  changes  which  are  termed  catalyses 
or  catalytic  transformations.  That  is  to  say,  they  produce  the  changes 
referred  to,  not  directly,  by  combining  with  the  substance  which 
suffers  alteration,  or  with  any  of  its  ingredients ;  but  simply  by  their 
presence  which  induces  the  chemical  change  in  an  indirect  manner. 
Thus,  the  organic  substances  of  the  intestinal  fluids  induce  a  cata- 
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lytic  action  by  which  starch  is  converted  into  sugar.  The  albumen  j 
of  the  blood,  by  contact  with  the  organic  substance  of  the  muscular* 
fibre,  is  transformed  into  a  substance  similar  to  it.  The  entire 
process  of  nutrition,  so  far  as  the  organic  matters  are  concerned, 
consists  of  such  catalytic  transformations.  Many  crystallizable 
substances,  which  when  pure  remain  unaltered  in  the  air.  become 
changed  if  mingled  with  organic  substances,  even  in  small  quantity. 
Thus  the  casein  of  milk,  afler  being  exposed  for  a  short  time  to  a 
warm  atmosphere,  l>ecome3  a  catalytic  body,  and  converts  the  sugar 
of  the  milk  into  lactic  acid.  In  this  change  there  is  no  loss  nor 
addition  of  any  chemical  element,  since  lactic  acid  has  precisely  the 
same  ultimate  composition  with  sugar  of  milk.  It  is  simply  a 
transformation  induced  by  the  presence  of  the  casein.  Oily  matters, 
which  are  entirely  unalterable  when  pure,  readily  become  rancid  at 
warm  temperatures,  if  mingled  with  an  organic  impurity. 

Fourthly,  The  organic  substances,  when  beginning  to  undergo 
decay,  induce  in  certain  other  substances  the  phenomena  of  fer- 
mentation.  Thus,  the  mucus  of  the  urinary  bladder,  afler  a  short 
exposure  to  the  atmosphere,  causes  the  urea  of  the  urine  to  be  con- 
verted into  carbonate  of  ammonia,  with  the  development  of  gaseous 
bubbles.  The  organic  matters  of  grape  juice,  under  similar  circum- 
stances, give  rise  to  fermentation  of  the  sugar,  by  which  it  is  oon- 
verted  into  alcohol  and  carbonic  acid. 

Fifthly,  The  organic  substances  are  the  only  ones  capable  of 
undergoing  the  process  of  putrefaction.  This  process  is  a  compli- 
cated one,  and  is  characterized  by  a  gradual  liquefaction  of  the  ani- 
mal substance,  by  many  mutual  decompositions  of  the  saline  matters 
which  are  associated  with  it.  and  by  the  development  of  peculiarly 
fetid  and  unwholesome  gases,  among  which  are  carbonic  acid, 
nitrogen,  sulphuretted,  phosphoretted,  and  carburetted  hydrogen, 
and  ammoniacal  vapors.  Putrefaction  takes  place  constantly  after 
death,  if  the  organic  tissue  be  exposed  to  a  moist  atmosphere  at  a 
moderately  warm  temperature.  It  is  much  hastened  by  the  presence 
of  other  organic  substances,  in  which  decomposition  has  already 
commenced. 

Tlie  organic  substances  are  readily  distinguished,  by  the  above 
general  characters,  from  all  other  kinds  of  proximate  principles. 
They  are  quite  numerous;  nearly  every  animal  fluid  and  tissue 
containing  at  least  one  which  is  peculiar  to  itself.  They  have  not 
as  yet  been  all  accurately  described.  The  following  list,  however, 
comprises  the  most  important  of  them,  and  those  with  which  we  are 
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at  present  most  thoroughly  acquainted.     The  first  seven  are  fluid, 
or  nearly  so,  and  either  colorless  or  of  a  faint  yellowish  tinge. 

1.  Fibrin. — ^Fibrin  is  found  in  the  blood ;  where  it  exists,  in  the 
human  subject,  in  the  proportion  of  two  to  three  parts  per  thousand. 
It  is  fluid,  and  mingled  intimately  with  the  other  ingredients  of  the 
blood.  It  occurs  also,  but  in  much  smaller  quantity,  in  the  lymph. 
It  is  distinguished  by  what  is  called  its  "  spontaneous"  coagulation ; 
that  is,  it  coagulates  on  being  withdrawn  from  the  vessels,  or  on  the 
occurrence  of  any  stoppage  to  the  circulation.  It  is  rather  more 
abundant  in  the  blood  of  some  of  the  lower  animals  than  in  that  of 
th  human  subject.  In  general,  it  is  found  in  larger  quantity  in 
the  blood  of  the  herbivora  than  in  that  of  the  camivora. 

2.  Albumsn. — ^Albumen  occurs  in  the  blood,  the  lymph,  the 
fluid  of  the  pericardium,  and  in  that  of  the  serous  cavities  gene- 
rally. It  is  also  present  in  the  fluid  which  may  be  extracted  by 
pressure  &om  the  muscular  tissue.  In  the  blood  it  occurs  in  the 
proportion  of  about  seventy-five  parts  per  thousand.  The  white  of 
^g,  which  usually  goes  by  the  same  name,  is  not  identical  with  the 
albumen  of  the  blood,  though  it  resembles  it  in  some  respects ;  it  is 
properly  a  secretion  from  the  mucous  membrane  of  the  fowl's  ovi- 
duct, and  should  be  considered  as  a  distinct  organic  substance. 
Albumen  coagulates  on  being  raised  to  the  temperature  of  160°  R; 
and  the  coagulum,  like  that  of  all  the  other  proximate  principles,  is 
soluble  in  caustic  potassa.  It  coagulates  also  by  contact  with  alco- 
hol, the  mineral  acids,  ferrocyanide  of  potassium  in  an  acidulated 
solution,  tannin,  and  the  metallic  salts.  The  alcoholic  coagulum,  if 
separated  from  the  alcohol  by  washing,  does  not  redissolve  in  water. 
A  very  small  quantity  of  albumen  has  been  sometimes  found  in  the 
saliva. 

3.  Casein. — This  substance  exists  in  milk,  in  the  proportion  of 
about  forty  parts  per  thousand.  It  coagulates  by  contact  with  all 
the  acids,  mineral  and  organic ;  but  is  not  affected  by  a  boiling 
temperature.  It  is  coagulated  also  by  the  juices  of  the  stomach. 
It  is  important  as  an  article  of  food,  being  the  principal  organic 
ingredient  in  all  the  preparations  of  milk.  In  a  coagulated  form, 
it  constitutes  the  different  varieties  of  cheese,  which  are  more  or 
leas  highly  flavored  with  various  oily  matters  remaining  entangled 
m  the  coagulated  casein. 
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"What  is  ciiUetl  vegetable  casein  or  "  logumine,"  is  diflFerent  from 
the  casein  of  milk,  and  constitutias  the  organic  substance  present  ia 
various  kinds  of  peas  and  beans.  ■ 

4.  Globuline. — This  is  the  organic  substance  forming  the  prin- 
cipal mass  of  the  red  globules  of  the  blood.  It  is  nearly  fluid  inS 
its  natural  condition,  and  readily  dissolves  in  water.  It  does  not 
dissolve,  however,  in  the  serum  of  the  blond ;  and  the  globules, 
therefore,  retain  their  natural  form  and  consistency,  unless  the 
serum  be  diluted  with  an  excess  of  water.  Globuline  resembles 
albumen  iu  coagulating  by  the  action  of  heat.  It  differs  from  it, 
however,  in  the  degree  of  temperature  necessary  to  coagulation. 
For  while  a  tolerably  abundant  solution  of  albumen  is  solidified  at 
160°  ¥.,  a  solution  of  globuline  only  becomes  turbid  at  180°,  and  ■ 
requires  for  its  complete  coagulation  a  temperature  of  200°.  f 


5.  Pepsine. — This  substance  occurs  as  an  ingredient  in  the  gas- 
tric juice.  It  is  not  the  same  substance  which  Schwann  extracted 
by  maceration  from  the  mucous  membrane  of  the  stomach,  and 
which  ia  regarded  by  Robiu,  Bernard,  kc,  as  only  an  artificial  pro- 
duct of  the  alteration  of  the  gastric  tissues.  There  seems  no  good 
reason,  furthermore,  why  we  should  not  designate  by  this  name  the 
organic  substance  which  really  exists  in  the  gastric  juice.  It  occurs 
in  this  fiuid  in  very  small  quantity,  not  over  fifteen  parts  per 
thousand.  It  ia  coagulable  by  heat,  and  also  by  contact  with  alco- 
hol. But  if  tlie  alcoholic  coagulum  be  well  washed,  it  ia  again 
soluble  iu  a  watery  acidulated  fluid. 


I 
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6.  PANCREATiJfE. — This  is  the  organic  substance  of  the  pancreatic 
juice,  where  it  occurs  in  great  abundance.  It  coagulates  by  heat, 
and  by  contact  with  sulphate  of  magnesia  in  excess.  In  its  natural 
condition  it  is  fluid,  but  varies  somewhat  in  its  degree  of  fluidity. 


I 


7.  MuscosiNE  is  the  organic  substance  which  is  found  in  the 
dift'erent  varieties  of  mucus,  and  which  imparts  to  them  their  con- 
sistency and  other  physical  characters.  The  distinguishing  char- 
acter of  mucosine  is  its  viscidity,  by  which  it  is  at  the  same  time 
glutinous  and  lubricating  to  the  touch.  It  has  the  power  of  ab-  ■ 
sorbing  water  to  some  extent,  and  becomes  thinner  and  more  fluid 
in  proportion  to  the  quantity  of  water  which  unites  with  it.  It 
does  not  solidify  by  heat,  but  is  coagulated  by  acetic  acid  and 
the  contact  of  alcohol. 
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Some  of  the  mucous  secretions  are  so  mixed  with  other  fluids 
that  their  consistency  is  more  or  less  diminished ;  others,  which 
remain  pure,  like  that  of  the  mucous  follicles  of  the  cervix  uteri, 
jure  nearly  semi-solid.  No  doubt  there  are  different  varieties  of 
mucosine  produced  by  the  mucous  membranes  of  different  regions 
of  the  body;  but  little  is  known  with  regard  to  their  specific 
characters. 

The  next  three  organic  substances  are  solid  or  semi-solid  in 
consistency. 

8.  Osteins  is  the  organic  substance  of  the  bones,  in  which  it  is 
associated  with  a  large  proportion  of  phosphate  of  lime.  It  exists, 
in  those  bones  which  have  been  examined,  in  the  proportion  of 
about  two  hundred  parts  per  thousand.  It  is  this  substance  which 
by  long  boiling  of  the  bones  is  transformed  into  gelatine  or  glue. 
In  its  natural  condition,  however,  it  is  insoluble  in  water,  even  at 
the  boiling  temperature,  and  becomes  soluble  only  after  it  has  been 
permanently  altered  by  ebullition. 

9.  Cartilagins. — This  forms  the  organic  ingredient  of  cartilage. 
Like  that  of  the  bones,  it  is  altered  by  long  boiling,  and  is  converted 
into  a  peculiar  kind  of  gelatine  termed  "chondrine."  Chondrine 
differs  from  the  gelatine  of  bones  principally  in  being  precipitated 
by  .acids  and  certain  metallic  salts  which  have  no  effect  on  the  latter. 
Cartilagine,  in  its  natural  condition,  is  very  solid,  and  is  closely 
united  with  the  calcareous  salts. 

10.  MuscuLiNS. — This  substance  forms  the  principal  mass  of  the 
muscular  fibre.  It  is  semi-solid,  and  insoluble  in  water,  but  soluble 
in  dilute  muriatic  acid,  from  which  it  may  be  again  precipitated  by 
Aeutralissing  with  an  alkali.  It  closely  resembles  albumen  in  its 
chemical  composition,  and  like  it,  contains,  according  to  Scherer, 
two  equivalents  of  sulphur. 

The  four  remaining  organic  substances  form  a  somewhat  peculiar 
group.  They  are  the  coloring  matters  of  the  body.  They  exist 
always  in  small  quantity,  compared  with  the  other  ingredients,  but 
communicate  to  the  tissues  and  fluids  a  very  distinct  coloration. 
They  all  contain  iron  as  one  of  their  ultimate  elements. 

11.  Hematine  is  the  coloring  matter  of  the  red  globules  of  the 
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blood.  It  is  nearly  fluid  like  the  globuline,  and  is  united  with  ii 
in  a  kind  of  mutual  solution.  It  is  much  less  abundant  than  the 
globuline,  and  exists  in  the  proportion  of  about  one  part  of  hterna- 
tine  to  seventeen  parts  of  globuline.  The  following  is  the  formula 
for  its  composition  which  is  adopted  by  Lehmann  : — 

Hemiiline =  ^u^ti^fit^^- 

When  the  blood-globules  from  any  cause  become  disintegrated,  the 
haimatine  is  readily  imbibed  after  death  by  the  walls  of  the  blood- 
vessels and  the  neighboring  parts,  staining  them  of  a  deep  red 
color.  This  coloration  has  sometimes  been  mistaken  for  an  evidence 
of  arteritis ;  but  is  really  a  simple  eftect  of  post-mortem  imbibition, 
as  above  stated. 

12.  Melanine. — This  is  the  blackish-brown  coloring  matter 
which  is  found  in  the  choroid  coat  of  the  eye,  the  iri8>  the  hair,  and 
more  or  less  abundantly  in  t!ie  epidermis.  So  far  as  can  be  ascer- 
tained,  the  coloring  matter  is  the  same  in  all  these  situations.  It  is 
very  abundaut  in  the  black  and  brown  races,  less  so  in  the  yellow 
and  white,  but  is  present  to  a  certain  extent  in  all.  Even  where 
the  tinges  prwluccd  are  entirely  different,  as,  for  example,  in  brown 
and  blue  eyes,  the  coloring  matter  appears  to  be  the  same  in  cha- 
racter, and  to  vary  only  in  its  quantity  and  the  mode  of  its  arrange- 
ment; for  the  tinge  of  an  animal  tissue  does  not  depend  on  ita 
local  pigment  only,  but  also  on  the  muscular  fibres,  fiVjres  of  areolar 
tissue,  capillary  bloodvessels,  &c.  All  these  ingredients  of  the 
tissue  are  partially  transparent,  and  by  their  mutual  interlacement 
and  superposition  modify  more  or  less  the  effect  of  the  pigment 
which  is  deposited  below  or  among  them. 

Molanine  is  insoluble  in  water  and  the  dilute  acids,  but  dissolves 
slowly  in  caustic  potassa.  Its  ultimate  composition  resembles  that 
of  htamatine,  but  the  proportion  of  iron  is  smaller. 

13.  BiLiVERDiNE  is  the  coloring  matter  of  the  bile.  It  is  yellow 
by  transmitted  light,  greenish  by  reflected  light.  On  exposure  to 
the  air  in  its  natural  fluid  condition,  it  absorbs  oxygen  and  assumes 
a  bright  grass-green  color.  The  same  eflect  is  produced  by  treating 
it  with  nitric  acid  or  other  oxidizing  substances.  It  occurs  in  very 
small  quantity  in  the  bile,  from  which  it  may  be  extracted  by  pre- 
cipitating it  with  milk  of  lime  (Robin),  from  which  it  is  afterward 
separated  by  dissolving  out  the  lime  with  muriatic  acid.  Obtained 
in  this  form,  however,  it  is  insoluble  in  water,  having  been  coagu- 
lated by  contact  with  the  calcareous  matter;  and  is  not,  therefor^ 
precisely  in  its  original  condition. 
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14.  Ubosacine  is  the  yellow  coloring  matter  of  tlie  urine.  It  con- 
sists of  the  same  ultimate  elements  as  the  other  coloring  matters,  but 
occurs  in  the  urine  in  such  minute  quantity,  that  the  relative  pro- 
portion of  its  elements  has  never  been  determined.    According  to 
Dr.  Thudichum,'  it  is  easily  soluble  in  water,  less  so  in  ether,  and 
«till  less  in  alcohol ;  —  and  by  some  simple  change  in  its  compo- 
sition, probably  by  oxidation,  its  yellow  color  passes  into  a  red.   It 
readily  adheres  to  insoluble  matters  when  they  are  precipitated  from 
the  urine,  and  is  consequently  found  almost  always,  to  a  greater  oi 
Jess  extent,  as  an  ingredient  in  urinary  calculi  formed  of  the  urates 
or  of  uric  acid.  When  the  urates  are  thrown  down  also  in  the  form 
of  a  powder,  as  a  urinary  deposit,  they  are  usually  colored  more  or 
less  deeply,  owing  to  the  red  or  yellowish  red  urosacine  which  is 
precipitated  with  them. 

The  organic  substances  which  exist  in  the  body  require  for  their 
production  an  abundant  supply  of  similar  substances  in  the  food. 
All  highly  nutritious  articles  of  diet,  therefore,  contain  more  or  less 
of  these  substances.  Still,  though  nitrogenous  matters  must  be 
abundantly  supplied,  under  some  form,  from  without,  yet  the  par- 
ticular kinds  of  organic  substances,  characteristic  of  the  tissues,  are 
formed  in  the  body  by  a  transformation  of  those  which  are  intro- 
duced with  the  food.  The  organic  matters  derived  from  vegetables, 
though  similar  in  their  general  characters  to  those  existing  in  the 
animal  body,  are  yet  specifically  different.  The  gluten  of  wheat, 
the  legumine  of  peas  and  beans,  are  not  the  same  with  animal  albu- 
men and  fibrin.  The  only  organic  substances  taken  with  animal 
food,  as  a  general  rule,  are  the  albumen  of  eggs,  the  casein  of  milk, 
and  the  musculine  of  flesh;  and  even  these,  in  the  food  of  the 
human  species,  are  so  altered  and  coagulated  by  the  process  of 
cooking,  as  to  lose  their  specific  characters  before  being  introduced 
into  the  alimentary  canal.  They  are  still  further  changed  by  the 
process  of  digestion,  and  are  absorbed  under  another  form  into  the 
blood.  But  from  their  subsequent  metamorphoses  there  are  formed, 
in  the  different  parts  of  the  body,  osteine,  cartilagine,  haematine, 
globuline,  and  all  the  other  varieties  of  organic  matter  that  cha- 
racterize the  different  tissues.  These  varieties,  therefore,  originate 
as  such  in  the  animal  economy  by  the  catalytic  changes  which  the 
ingredients  of  the  blood  undergo  in  nutrition. 

>  British  Medical  Journal,  Not.  5tU,  1864. 
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Only  a  very  small  quantity  of  organic  matter  is  discharged 
with  the  excretions.  The  coloring  matters  of  the  bile  and  arin^ 
and  the  mucus  of  the  urinary  bladder,  are  almost  the  only  ones 
that  find  an  exit  from  the  body  in  this  way.  There  is  a  minute 
quantity  of  organic  matter  exhaled  in  a  volatile  form  with  the 
breath,  and  a  little  also,  in  all  probability,  from  the  cutaneous  sur- 
face. But  the  entire  quantity  so  discharged  bears  but  a  very  small 
proportion  to  that  which  is  daily  introduced  with  the  food.  The 
organic  substances,  therefore,  are  decomposed  in  the  interior  of  the 
body.  They  are  transformed  by  the  process  of  destructive  assimi- 
lation, and  their  elements  are  finally  eliminated  and  discharged 
under  other  forms  of  combination. 
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CHAPTER   V. 

OF  FOOD. 

Undeb  the  term  "food"  are  included  all  those  substances,  solid 
and  liquid,  which  are  necessary  to  sustain  the  process  of  nutrition. 
The  first  act  of  this  process  is  the  absorption  from  without  of  all 
those  materials  which  enter  into  the  composition  of  the  living  frame, 
or  of  others  which  may  be  converted  into  them  in  the  interior  of 
the  body. 

The  proximate  principles  of  the  first  class,  or  the  "inorganic 
substances,"  require  to  be  supplied  in  sufficient  quantity  to  keep  up 
the  natural  proportion  in  which  they  exist  in  the  various  solids  and 
fluids.  As  we  have  found  it  to  be  characteristic  of  these  substances, 
except  in  a  few  instances,  that  they  suffer  no  alteration  in  the  in- 
terior of  the  body,  but,  on  the  contrary,  are  absorbed,  deposited  in 
its  tissue,  and  pass  out  of  it  afterward  unchanged,  nearly  every  one 
of  them  requires  to  be  present  under  its  own  proper  form,  and  in 
sufficient  quantity  in  the  food.  The  alkaline  carbonates,  which 
are  formed,  as  we  have  seen,  by  a  decomposition  of  the  malates, 
citrates  and  tartrates,  constitute  almost  the  only  exception  to  this 
rule.  • 

Since  water  enters  so  largely  into  the  composition  of  nearly  every 
part  of  the  body,  it  is  equally  important  as  an  ingredient  of  the 
food.  In  the  case  of  the  human  subject,  it  is  probably  the  most 
important  substance  to  be  supplied  with  constancy  and  regularity, 
and  the  system  suffers  more  rapidly  when  entirely  deprived  of 
fluids,  than  when  the  supply  of  solid  food  only  is  withdrawn.  A 
man  may  pass  eight  or  ten  hours,  for  example,  without  solid  food, 
and  suffer  little  or  no  inconvenience ;  but  if  deprived  of  water  for 
the  same  length  of  time,  he  becomes  rapidly  exhausted,  and  feels 
the  deficiency  in  a  very  marked  degree.  Magendie  found,  in  his 
experiments  on  dogs  subjected  to  inanition,'  that  if  the  animalis 

I  CompteB  Rendos,  vol.  xiii.  p.  256. 
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were  supplied  with  water  alone  they  lived  six,  eight,  and  even  ten 
days  lunger  than  if  they  were  deprived  at  the  siime  time  of  both 
solid  and  liquid  food.  Chloride  of  sodium,  also,  is  usually  added 
to  the  food  in  cousidera]>le  quantity,  and  requires  to  be  supplied 
with  tolerable  regularity;  but  the  remaining  inorganic  materials, 
such  as  calcareous  salts,  the  alkaline  phosphates,  &c.,  occur  natu- 
rally in  sufficient  quantity  in  most  of  the  articles  which  are  used  aa 
food. 

The  proximate  principles  of  the  second  class,  so  far  as  they  con- 
stitute ingredients  of  the  food,  are  naturally  divided  into  two 
groups:  1st,  the  sugar,  and  2d,  the  oily  matters.  Since  starch  is 
always  converted  into  sugar  in  the  process  of  digestion,  it  may  ba 
included,  as  an  alimentary  su^pstance,  in  the  same  group  with  tho 
sugars.  There  is  a  natural  desire  in  the  human  species  for  both 
saccharine  and  oleaginous  food.  In  the  purely  carnivorous  animals, 
however,  though  no  starch  or  sugar  be  taken,  yet  the  body  is  main- 
tained in  a  healthy  condition.  It  has  been  supposed,  therefore,  that 
saccharine  matter.'*  could  not  be  absolutel}'  necessary  aa  food ;  the 
more  so  since  it  has  been  found,  by  the  experiments  of  CI.  Bernard, 
that,  in  carnivorous  animals  kept  exclusively  on  a  diet  of  flesh, 
sugar  is  still  formed  in  the  liver,  as  well  as  in  the  mammary  gland. 
The  al)Ove  conclusion,  however,  which  has  been  drawn  from  these 
fact3,  does  not  apply  practically  to  the  human  species.  The  car- 
nivorous animals  have  no  desire  for  vegetable  food,  while  in  the 
human  species  there  is  a  natural  craving  for  it,  which  is  almost 
universal.  It  may  be  dispensed  with  for  a  few  days,  but  not  with 
impunity  for  any  great  length  of  time.  The  experiment  has  often 
enough  been  tried,  in  the  treatment  of  diabetes,  of  confining  the 
patient  to  a  strictly  animal  diet.  It  ha.s  been  invariably  found  that, 
if  this  regimen  be  continued  for  some  week.s,  the  desire  for  vegetable 
food  on  the  part  of  the  patient  becomes  so  imperative  that  the  plan 
of  treatment  is  unavoidably  abandoned. 

A  similar  question  has  also  arisen  with  regard  to  the  oleaginous 
matters.  Are  these  substances  mdispensable  as  ingretlients  of  the 
food,  or  may  they  be  replaced  by  other  proximate  principles,  such 
as  starch  or  sugar  ?  It  has  already  l>een  seen,  from  the  experiments 
ol"  Boussingault  and  others,  that  u  certain  amount  of  fat  is  produced 
in  the  body  over  and  above  that  which  is  taken  with  the  food ;  and 
it  appears  also  that  a  regimen  abounding  in  saccharine  substances 
is  liivorable  to  the  production  of  fat.  It  is  altogether  probable, 
therefore,  that  the  materials  for   the   production  of  fat   ma}*  bo 
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derived,  under  these  circumstances,  either  directly  or  indirectly 
from  saccharine  matters.  But  saccharine  matters  alone  are  not 
entirely  sufficient.  M.  Huber'  thought  he  had  demonstrated  that 
"bees  fed  on  pure  sugar  would  produce  enough  wax  to  show  that 
the  sugar  could  supply  all  that  was  necessary  to  the  formation  of 
the  fatty  matter  of  the  wax.  Dumas  and  Milne-Edwards,  however, 
in  repeating  Huber's  experiments,'  found  that  this  was  not  the  case. 
Bees,  fed  on  pure  sugar,  soon  cease  to  work,  and  sometimes  perish 
in  considerable  numbers;  but  if  fed  with  honey,  which  contains 
some  waxy  and  other  matters  beside  the  sugar,  they  thrive  upon 
it ;  and  produce,  in  a  given  time,  a  much  larger  quantity  of  fat 
than  was  contained  in  the  whole  supply  of  food. 

The  same  thing  was  established  by  Boussingault  with  regard  to 
starchy  matters.  He  found  that  in  fattening  pigs,  though  the 
quantity  of  fat  accumulated  by  the  animal  considerably  exceeded 
that  contained  in  the  food,  yet  fat  must  enter  to  some  extent  into 
the  composition  of  the  food  in  order  to  maintain  the  animals  in  a 
good  condition ;  for  pigs,  fed  on  boiled  potatoes  alone  (an  article 
abounding  in  starch  but  nearly  destitute  of  oily  matter),  fattened 
slowly  and  with  great  difficulty ;  while  those  fed  on  potatoes  mixed, 
with  a  greasy  fluid  fattened  readily,  and  accumulated,  as  mentioned 
above,  much  more  fat  than  was  contained  in  the  food. 

The  apparent  discrepancy  between  these  facts  may  be  easily  ex- 
plained, when  we  recollect  that,  in  order  that  the  animal  may  become 
fattened,  it  is  necessary  that  he  be  supplied  not  only  with  the 
materials  of  the  fat  itself,  but  also  with  everything  else  which  is 
necessary  to  maintain  the  body  in  a  healthy  condition.  Oleaginous 
matter  is  one  of  these  necessary  substances.  The  fats  which  are 
taken  in  with  the  food  are  not  destined  to  be  simply  transported 
into  the  body  and  deposited  there  unchanged.  On  the  contrary, 
they  are  altered  and  used  up  in  the  processes  of  digestion  and 
nutrition ;  while  the  fats  which  appear  in  the  body  as  constituents 
of  the  tissues  are,  in  great  part,  of  new  formation,  and  are  produced 
from  materials  derived,  perhaps,  from  a  variety  of  sources. 

It  is  certain,  then,  that  either  one  or  the  other  of  these  two 
groups  of  substances,  saccharine  or  oleaginous,  must  enter  into  the 
composition  of  the  food ;  and  furthermore,  that,  though  the  oily 
matters  may  sometimes  be  produced  in  the  body  from  the  sugars, 

>  Natnral  Hi8tor7  of  Bmb,  Edinburgh,  1821,  p.  330. 
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it.  is  also  necessary  for  the  perfect  nutrition  of  the  bodj  that  fat  be 
supplied,  under  its  own  form,  with  the  food.  For  the  human 
species,  also,  it  is  natural  to  have  them  both  associated  in  the 
alimentary  materials.  They  occur  together  iu  most  vegetable  sub- 
stances, and  there  is  a  natural  desire  for  them  both,  as  elements  of 
the  food. 

They  are  not,  however,  when  alone,  or  even  associated  with  each 
otlier,  sufficient  for  the  nutrition  of  tlie  animal  body.  Magendie 
found  that  dogs,  fed  exclusively  on  starch  or  sugar,  perished  after  a 
short  time  with  symptoms  of  profound  disturbance  of  the  nutritive 
fuuclions.  An  exclusive  diet  of  butter  or  lard  had  a  similar  effect. 
The  animal  became  exceetlingiy  debilitated,  though  without  much 
emaciation ;  and  after  death,  all  the  internal  organs  and  tissues 
were  found  infiltrated  with  oil.  TJoussingault'  performed  a  similar 
experiment,  with  a  like  result,  upon  a  duck,  which  was  kept  upon 
an  exclusive  regimen  of  butter.  "The  duck  received  1350  to  1500 
grains  of  butter  every  day.  At  the  end  of  three  weeks  it  died  of 
inanition.  The  butter  oozed  from  every  part  of  its  body.  The 
feathers  looked  as  though  they  had  been  steeped  in  melted  butter, 
and  the  body  exhaled  an  unwholesome  odor  like  that  of  butyric 
acid." 

Lehmann  was  also  led  to  the  same  result  by  some  experiments 
which  he  performed  upon  himself  for  the  purpose  of  ascertaining 
the  eflbct  produced  on  the  urine  by  different  kinds  of  food." 
This  observer  confined  himself  first  to  a  purely  animal  diet  for 
three  weeks,  and  afterwards  to  a  purely  vegetable  one  for  sixteen 
days,  without  suffering  any  marked  inconvenience.  He  then  put 
himself  upon  a  regimen  consisting  entirely  of  non-nitrogenous  sub- 
stances, starch,  sugar,  gum,  and  oil,  but  was  only  able  to  continue 
this  diet  for  two,  or  at  most  for  three  days,  owing  to  the  marked 
disturbance  of  the  general  health  which  rapidly  supervened.  The 
unpleasant  symptoms,  however,  immediately  disappeared  on  his 
return  to  an  ordinary  mixed  diet.  The  same  fact  has  been  esta- 
blished more  recently  by  Prof.  Wm.  A.  Hammond,'  in  a  series  of 
experiments  which  he  performed  upon  himself.  He  was  enabled 
to  live  for  ten  days  on  a  diet  composed  exclusively  of  boiled  starch 
and  water.    After  the  third  day,  however,  the  general  health  began 


'  Clifmlfi  Agrioo1«,  p.  166. 

*  Jnuroal  fUr  praktische  Chemie,  vnl.  xzrii.  p.  257. 

*  Bxperitnental  Research^,  &«.,  being  tb«  Priw  EasAj  of  tb9  American  Medical 
ABSoclkUon  for  1857. 
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to  deteriorate,  and  became  very  much  disturbed  before  the  termi- 
nation of  the  experiment.  The  prominent  symptoms  were  debility, 
leadache,  pjTosis,  and  palpitation  of  the  heart.  After  the  starchy 
^iet  was  abandoned,  it  required  some  days  to  restore  the  health  to 
its  usual  condition. 

The  proximate  principles  of  the  third  class,  or  the  organic  sub- 
stances proper,  enter  so  largely  into  the  constitution  of  tlie  animal 
tissues  and  fluids,  that  their  importance,  as  elements  of  the  food,  is 
easily  understood.  No  food  can  be  long  nutritious,  unless  a  certain 
proportion  of  these  substances  be  present  in  it.  Since  they  are  so 
abundant  as  ingredients  of  the  body,  their  loss  or  absence  from  the 
food  is  felt  more  speedily  and  promptly  than  that  of  any  other  sub- 
stance except  water.  They  have,  therefore,  sometimes  received  the 
name  of  "nutritious  substances,"  in  contradistinction  to  those  of 
the  second  class,  which  contain  no  nitrogen,  and  which  have  been 
found  by  the  experiments  of  Magendie  and  others  to  be  insufficient 
for  the  support  of  life.  The  organic  substances,  however,  when 
taken  alone,  are  no  more  capable  of  supporting  life  indefinitely  than 
the  others.  It  was  found  in  the  experiments  of  the  French  '*  Gela- 
tine Commission"'  that  animals  fed  on  pure  fibrin  and  albumen,  as 
well  as  those  fed  on  gelatine,  become,  after  a  short  time,  much  en- 
feebled, refuse  the  food  which  is  offered  to  them,  or  take  it  with 
reluctance,  and  finally  die  of  inanition.  This  result  has  been 
explained  by  supposing  that  these  substances,  when  taken  alone, 
excite  after  a  time  such  disgust  in  the  animal  that  they  are  either 
no  longer  taken,  or  if  taken  are  not  digested.  But  this  disgust 
itself  is  simply  an  indication  that  the  substances  used  are  insufficient 
and  finally  useless  as  articles  of  food,  and  that  the  system  demands 
instinctively  other  materials  for  its  nourishment. 

The  instinctive  desire  of  animals  for  certain  substances  is  the 
surest  indication  that  they  are  in  reality  required  for  the  nutritive 
process ;  and  on  the  other  hand,  the  indifterence  or  repugnance 
manifested  for  injurious  or  useless  substances,  is  an  equal  evidence 
of  their  unfitness  as  articles  of  food.  This  repugnance  is  well  de- 
Mftoribed  by  Magendie,  in  the  report  of  the  commission  above  alluded 
W^,  while  detailing  the  result  of  his  investigations  on  the  nutritive 
qualities  of  gelatine.    "  The  result,"  he,  says,  "  of  these  first  trials 

(was  that  pure  gelatine  was  not  to  the  taste  of  the  dogs  experimented 
on.     Some  of  them  suftered  the  pangs  of  hunger  with  the  gelatine 


'  Comptea  Bendus,  1841,  toI.  xiii.  p.  2^>7. 
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Avitliin  their  reach,  and  would  nut  touch  it;  others  tested  of  it,  btrt 
wouM  not  eat;  others  still  devoured  a  certain  quantity  of  it  once 
or  twice,  and  then  obstinately  refused  to  make  any  furtlier  use  of  it." 

In  one  instance,  however,  Magendie  succeeded  in  inducing  a.  dog 
to  take  a  considerable  quantity  of  pure  fibrin  daily  throughout  the 
whole  course  of  the  experiment;  but  notwithstanding  this,  the 
animal  became  emaciated  like  the  others,  and  died  at  last  with  the 
same  symptoms  of  inanition. 

The  alimentary  substances  of  the  second  class,  however,  viz.,  the 
sugars  and  the  oils,  have  been  sometimes  thought  less  important 
than  the  albuminous  matters,  because  they  do  not  enter  so  largely 
or  so  permanently  into  the  composition  of  the  solid  tissues.  The 
saccharine  matters,  when  taken  as  food,  cannot  be  traced  farther 
tlum  the  blood.  They  undergo  alre^idy,  in  the  circulating  fluid, 
some  change  by  which  their  essential  character  is  lost,  and  they 
cannot  be  any  longer  recognized.  The  apjjearance  of  sugar  in  the 
mammary  gland  and  the  milk  is  only  exceptional,  and  does  not 
occur  at  all  in  the  male  subject.  The  fats  are,  it  is  true,  very  gene- 
rally distributed  throughout  the  body,  but  it  is  only  in  the  brain 
and  nervous  matter  that  they  exist  intimately  united  with  the  re- 
maining ingredients  of  the  tissues.  Elsewhere,  as  already  mentioned, 
they  are  deposited  in  distinct  drops  and  granules,  and  so  long  as 
they  remain  in  this  condition  must  of  course  be  inactive,  so  far  as 
regards  any  chemical  nutritive  process.  In  this  condition  they 
seem  to  bo  held  in  reserve,  ready  to  be  absorbed  by  the  blood, 
whenever  they  may  be  required  for  the  purposes  of  nutrition.  On 
being  reabsorbed,  however,  as  soon  as  they  again  enter  the  blood 
or  unite  intimately  with  the  substance  of  the  tissues,  they  at  once 
change  their  condition  and  lose  their  former  chemical  constitution 
an<l  ])roperties. 

It  is  for  these  reasons  that  the  albuminoid  matters  have  been 
sometimes  considered  as  the  only  "nutritious"  substances,  because 
they  alone  constitute  under  their  own  form  a  great  part  of  the 
ingredients  of  the  tissues,  while  the  sugars  and  the  oils  rapidly  dis- 
appear by  decomposition.  It  has  even  been  assumed  that  the  pro- 
cess by  which  the  sugar  and  the  oils  disappear  is  one  of  direct 
combustion  or  oxidation,  and  that  they  are  destined  solely  to  be 
consumed  in  this  way,  not  to  enter  at  all  into  the  composition  of 
the  tissues  but  only  to  maintain  the  heat  of  the  body  by  an  inces- 
sant process  of  combustion  in  the  blood.  They  have  been  therefore 
termed  the  "combustible"  or  "heat-producing"  elements,  while  the 
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EK.lbaminoid  substances  were  known  as  the  nutritious  or  "  plastio" 
elements. 

This  distinction,  however,  has  no  real  foundation.    In  the  first 

place,  it  is  not  at  all  certain  that  the  sugars  and  the  oils  which  dis* 

a.ppear  in  the  body  are  destroyed  by  combustion.    This  is  merely 

an  inference  which  has  been  made  without  any  direct  proof.    All 

-we  know  positively  in  regard  to  the  matter  is  that  these  substances 

soon  become  so  altered  in  the  blood  that  they  can  no  longer  be 

Tecognized  by  their  ordinary  chemical  properties ;  but  we  are  still 

ignorant  of  the  exact  nature  of  the  transformations  which  they 

nndergo.    Furthermore,  the  diflference  between  the  sugars  and  the 

oils  on  the  one  hand,  and  the  albuminoid  substances  on  the  other, 

80  far  as  regards  their  decomposition  and  disappearance  in  the 

body,  is  only  a  difference  in  time.    The  albuminoid  substances 

become  transformed  more  slowly,  the  sugars  and  the  oils  more 

rapidly.     Even  if  it  should  be  ascertained  hereafter  that  the  sugars 

and  the  oils  really  do  not  unite  at  all  with  the  solid  tissues,  but  are 

entirely  decomposed  in  the  blood,  this  would  not  make  them  any 

less  important  as  alimentary  substances,  since  the  blood  is  as 

essential  a  part  of  the  body  as  the  solid  tissues,  and  its  nutrition 

must  be  provided  for  equally  with  theirs. 

It  is  evident,  therefore,  that  no  single  proximate  principle,  nor 
even  any  one  class  of  them  alone,  can  be  sufficient  for  the  nutrition 
of  the  body ;  but  that  the  food,  to  be  nourishing,  must  contain 
substances  belonging  to  all  the  different  groups  of  proximate  prin- 
ciples. The  albuminoid  substances  are  first  in  importance  because 
they  constitute  the  largest  part  of  the  entire  mass  of  the  body ;  and 
exhaustion  therefore  follows  more  rapidly  when  they  are  withheld 
than  when  the  animal  is  deprived  of  other  kinds  of  alimentary 
matter.  But  starchy  and  oleaginous  substances  are  also  requisite ; 
and  the  body  f^^ls  the  want  of  them  sooner  or  later,  though  it  may 
be  plentifully  supplied  with  albumen  and  fibrin.  Finally,  the  in- 
organic saline  matters,  though  in  smaller  quantity,  are  also  neces- 
sary to  the  continuous  maintenance  of  life.  In  order  that  the 
animal  tissues  and  fluids  remain  in  a  healthy  condition  and  take 
their  proper  part  in  the  functions  of  life,  they  must  be  supplied 
with  all  the  ingredients  necessary  to  their  constitution ;  and  a  man 
may  be  starved  to  death  at  last  by  depriving  him  of  chloride  of 
sodium  or  phosphate  of  lime  just  as  surely,  though  not  so  rapidly, 
•8  if  he  were  deprived  of  albumen  or  oil. 
In  the  different  kinds  of  food,  accordingly,  which  have  been 
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adopted  by  the  universal  and  instinctive  choice  of  man,  the  three 
different  classes  of  proximate  principles  are  all  more  or  less  abund- 
antly represented.  In  all  of  them  there  exists  naturally  a  certain 
proportion  of  saline  substances  ;  and  water  and  chloride  of  godium 
are  generally  taken  with  them  in  addition.  In  milk,  the  first  food 
supplied  to  the  infant,  we  have  casein  which  is  an  albuminoid  sub- 
stance,  butter  which  represents  the  oily  matters,  and  sugar  of  milk 
belonging  to  the  saccharine  group,  together  with  water  and  saline 
matters,  in  the  following  proportions  : — ' 

CovTosmoii  or  Cow's  Milk. 

Water 87.02 

CaBein 4.48 

Batter 3.13 

Sugar  of  milk 4.77 

Soda 

Chlorides  of  pofaMium  and  nodiam       .... 

Pliostphales  uf  soda  and  potaeen 

Phoaphate  of  litue         .....  .         .    J-  0.60 

"  DQAgneiia         ..... 

Alkaline  carbonates 

Iron,  &c • 


100.00 


The  cereal  grains  contain  albuminoid  matters,  starch,  gum,  fat, 
and  salts.  The  mineral  ingredients  comprise,  according  to  Payen' 
and  others,  the  phosphates  of  lime  and  magnesia,  sulphate  of  po- 
tassa,  traces  of  the  chlorides  of  sodium  and  potassium,  together  with 
sulphur  and  silica. 

In  wheat  Hour,  glut«n  i.s  the  albuminoid  matter,  sugar  and  starch 
the  non-nitrogenous  principles. 


Coxrosmox  or  WuBiT  Flook. 
Gluten     ....       7.30  Gum 

Starch      ....     72.00  Water      . 

Sugar  6.40 


8.80 
12.00 


100.00 


The  other  cereal  grains  mostly  contain  oil  in  addition  to  the 
above. 

'The  aoeomp&njring  analyses  of  rarioas  kinda  of  food  are  taken  from  Percira  on 
Food  and  Diet,  New  York,  1848. 

■Prtfcii  dea  subatancea  alimentairea.     Paria,  1866,  p.  266. 
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CoHPOflmoK  OF  Dbizd  OATHKAIm 

SUrah 59.00 

Bitter  nutter  and  sngar 8.25 

Oraj  albaminooB  matter 4.30 

Patty  oil 2.00 

Onm 2.50 

Husk,  miztnre,  and  loas 23.95 

100.00 

Eggs  contaia  albumen  and  salts  in  the  white,  with  the  addition 
of  oily  matter  in  the  yolk. 

COMPOBITIOK  OF  EoOB. 
Wbtt«  or  Xtr?.  Tolk  of  Egg. 

Water  ....      80.00 53.78 

iklbamen  and  mucna    .      15.28 12.75 

Yellow  oil 28.75 

Salts     ....        4.72 4.72 

100.00  100.00 

In  ordinary  flesh  or  butcher's  meat,  we  have  the  albuminoid 

inatter  of  the  muscular  fibre  and  the  fat  of  the  adipose  tissue. 

CoHPoaiTioR  or  OriDiiiABT  Butcbbb's  Mbat. 

Meat  devoid  of  fat    .        .    86.70   J  ^*'"      .....    68.42 

/Solid  matter    ....    22.28 

Pat,  oellalar  tissne,  &o 14.80 

100.00 

From  what  has  been  said  above,  it  will  easily  be  seen  that  the 
nutritious  character  of  any  substance,  or  its  value  as  an  article  of 
food,  does  not  depend  simply  upon  its  containing  either  one  of  the 
alimentary  substances  mentioned  above  in  large  quantity;  but  upon 
its  containing  them  mingled  together  in  such  proportion  as  is 
requisite  for  the  healthy  nutrition  of  the  body.  What  these  pro- 
portions are  cannot  be  determined  from  simple  chemical  analysis, 
nor  from  any  other  data  than  those  derived  from  direct  observation 
and  experiment. 

The  total  quantity  of  food  required  by  man  has  been  variously 
estimated.  It  will  necessarily  vary,  indeed,  not  only  with  the  con- 
stitution and  habits  of  the  individual,  but  also  with  the  quality  of 
the  food  employed ;  since  some  articles,  such  as  com  and  meat,  con- 
tain very  much  more  alimentary  material  in  the  same  bulk  than 
fresh  fruits  or  vegetables.  Any  estimate,  therefore,  of  the  total 
quantity  should  state  also  the  kind  of  food  used ;  otherwise  it  will 
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be  altogether  witliout  value.  From  experiments  performed  while 
living  on  an  exclusive  diet  of  bread,  fresh  meat,  and  butter,  with 
coffee  and  water  for  drink,  we  have  found  that  the  entire  quantity 
of  food  required  during  twenty -four  hours  by  a  man  in  full  health, 
and  taking  free  exercise  in  the  open  air,  ia  as  follows : — 

Meat 16  oancei  or  1.00  lb.  Avotrdapoifl. 

Bread 19        "        «   1.19  '•  " 

Butter  or  fat  .        .        .        .  3}       "       "  0.22  "  " 

Water B2aaidoi."  3.38"  *• 

That  is  to  say,  rather  less  than  two  and  a  half  pounds  of  solid  food, 
and  rather  over  three  pints  of  liquid  food. 

Another  necessary  consideration,  in  estimating  the  value  of  any 
substance  as  an  article  of  food,  is  its  digestibility.  A  vegetable  or 
animal  tissue  may  contain  an  abundance  of  albuminoid  or  starchy 
matter,  but  may  be  at  the  same  time  of  such  an  unyielding  consist- 
ency as  to  he  insoluble  in  the  digestive  fluids,  and  therefore  useless 
as  an  article  of  food.  Bones  and  cartilages,  and  the  fibres  of  yellow 
elastic  tissue,  are  indigestible,  and  therefore  not  nutritious.  Tho 
same  remark  may  be  made  with  regard  to  the  substances  contained 
in  woody  fibre,  and  the  hard  coverings  and  kernels  of  various  fruits. 
Everything,  accordingly,  which  softens  or  disintegrates  a  hard  ali- 
mentary substance  renders  it  more  digestible,  and  so  far  increases 
its  value  as  an  article  of  food. 

The  preparation  of  food  by  cooking  has  a  twofold  object :  first, 
to  soften  or  disintegrate  it,  and  second,  to  give  it  an  attractive 
flavor.  Many  vegetable  substances  are  so  hard  as  to  be  entirely 
indigestible  in  a  raw  state.  Ripe  peas  and  beans,  the  difl'erent  kinds 
of  grain,  and  many  roots  and  fruits,  require  to  be  softened  by  boil- 
ing, or  some  other  culinary  process,  before  they  are  ready  for  use. 
With  them,  the  principal  change  produced  by  cooking  is  an  altera- 
tion  in  consistency.  "With  most  kinds  of  animal  food,  however,  the 
efl'ect  is  somewhat  difterent.  In  the  case  of  muscular  flesh,  for  ex- 
ample, the  muscular  fibres  themselves  are  almost  always  more  or 
less  hardcued  by  Imiling  or  roasting;  but,  at  the  same  time,  the 
fibrous  tissue  by  which  they  are  held  together  is  gelatinized  and 
softened,  so  that  the  muscular  fibres  are  more  easily  separated  from 
each  other,  and  more  readily  attacked  by  the  digestive  fluids.  But 
beside  this,  the  organic  substances  contained  in  meat,  which  are  all 
of  them  very  insipid  in  the  raw  state,  acquire  by  the  action  of  heat 
in  cooking,  a  peculiar  and  agreeable  flavor.    This  flavor  excites 
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tbe  appetite  and  stimulates  the  flow  of  the  digestive  fluids,  and 
renders,  in  this  way,  the  entire  process  of  digestion  more  easy  and 
expeditious. 

The  changes  which  the  food  undergoes  in  the  interior  of  the  body 
may  be  included  under  three  different  heads :  first,  digestion,  or  the 
preparation  of  the  food  in  the  alimentary  canal ;  second,  assimilation, 
by  which  the  elements  of  the  food  are  converted  into  the  animal 
tissues ;  and  third,  excretion,  by  which  they  are  again  decomposed, 
and  finally  discharged  from  the  body. 
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Digestion'  ia  tbat  process  by  wliicTi  the  food  is  i^oced  to  a  form 
in  which  it  can  be  absorbed  from  the  intestinal  canal,  and  takea  up 
by  the  bloodvessels.  This  process  does  not  occur  in  vegetables. 
For  vegetables  are  dependent  for  their  nutrition,  mostly,  if  not 
entirely,  upon  a  supply  of  inorganic  substances,  as  water,  saliue 
matters,  carbonic  acid,  and  ammonia.  These  materials  constitute 
the  food  upon  which  plants  subsist,  and  are  converted  in  their  inte- 
rior into  other  substances,  by  the  nutritive  process.  These  mate- 
rials, furthermore,  are  constantly  supplied  to  the  vegetable  under 
such  a  form  as  to  be  readily  absorbed.  Carbonic  acid  and  ammonia 
exist  in  a  gaseous  form  in  the  atmosphere,  and  are  also  to  be  found 
in  solution,  together  with  the  requisite  saline  matters,  in  the  water 
with  which  the  soil  is  penetrated.  All  these  substances,  therefore, 
are  at  once  ready  for  absorption,  and  do  not  require  any  preliminary 
modification.  But  with  animals  and  man  the  ca-se  is  different 
They  cannot  subsist  upon  these  inorganic  substances  alone,  but 
require  for  their  support  materials  which  have  already  been  organ- 
ized, and  which  have  previously  constituted  a  part  of  animal  or 
vegetable  bodies.  Their  food  is  almost  invariably  solid  or  semi-solid 
at  the  time  when  it  is  taken,  and  insoluble  in  water.  Meat,  bread, 
fruits,  vegetables,  &c.,  are  all  taken  into  the  stomach  in  a  solid  and 
insoluble  condition  ;  and  even  those  substances  which  are  naturally 
fluid,  such  as  milk,  albumen,  white  of  egg,  are  almost  always,  in 
the  human  species,  coagulated  and  solidified  by  the  process  of  cook- 
ing, before  being  taken  into  the  stomach. 

In  animals,  accordingly,  the  food  requires  to  undergo  a  process 
of  digestion,  or  liquefaction,  before  it  can  be  absorbed.  In  all  cases, 
the  general  chanictcrs  of  this  process  are  the  same.  It  consists 
essentially  in  the  food  being  received  into  a  cannl,  running  through 
the  body  from  mouth  to  anus,  called  the  "alimentary  canal,"  in 
which  it  comes  in  contact  with  certain  digestive  fluids,  which  act 
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upon  it  in  such  a  way  as  to  liquefy  and  dissolve  it.  These  fluids 
are  secreted  by  the  mucous  membrane  of  the  alimentary  canal,  and 
by  certain  glandular  organs  situated  in  its  neighborhood.  Since  the 
food  always  consists,  as  we  have  already  seen,  of  a  mixture  of  vari- 
ous substances,  having  different  physical  and  chemical  properties, 
the  several  digestive  fluids  are  also  different  from  each  other;  each 
one  of  them  exerting  a  peculiar  action,  which  is  more  or  less  con- 
fined to  particular  species  of  food.  As  the  food  passes  through  the 
intestine  from  above  downward,  those  parts  of  it  which  become 
liquefied  are  successively  removed  by  absorption,  and  taken  up  by 
the  vessels ;  while  the  remaining  portions,  consisting  of  the  indi- 
gestible matter,  together  with  the  refuse  of  the  intestinal  secretions, 
gradually  acquire  a  firmer  consistency  owing  to  the  absorption  of 
the  fluids,  and  are  finally  discharged  from  the  intestine  under  the 
form  of  feces. 

In  different  species  of  animals,  however,  the  difference  in  their 
habits,  in  the  constitution  of  their  tissues,  and  in  the  character  of 
their  food,  is  accompanied  with  a  corresponding  variation  in  the 
anatomy  of  the  digestive  apparatus,  and  the  character  of  the  secreted 
(^ids.  As  a  general  rule,  the  digestive  apparatus  of  herbivorous 
dl|wQals  is  more  complex  than  that  of  the  carnivora ;  since,  in  vege- 
table substances,  the  nutritious  matters  are  often  present  in  a  very 
solid  and  unmanageable  form,  as,  for  example,  in  raw  starch  and 
the  cereal  grains,  and  are  nearly  always  entangled  among  vegetable 
cells  and  fibres  of  an  indigestible  character.  In  those  instances 
where  the  food  consists  mostly  of  herbage,  as  grass,  leaves,  &c.,  the 
digestible  matters  bear  only  a  small  proportion  to  the  entire  quan- 
tity ;  and  a  large  mass  of  food  must  therefore  be  taken,  in  order 
that  the  requisite  amount  of  nutritious  material  may  be  extracted 
from  it.  In  such  cases,  accordingly,  the  alimentary  canal  is  large 
and  long;  and  is  divided  into  many  compartments,  in  which 
different  processes  of  disintegration,  transformation,  and  solution 
are  carried  on. 

In  the  common  fowl,  for  instance  (Fig.  16),  the  food,  which  con- 
sists mostly  of  grains,  and  frequently  of  insects  with  hard,  coria- 
ceous integument,  first  passes  down  the  oesophagus  (a)  into  a 
diverticulum  or  pouch  (6)  termed  the  crop.  Here  it  remains  for 
a  time  mingled  with  a  watery  secretion  in  which  the  grains  are 
macerated  and  softened.  The  food  is  then  carried  farther  down 
until  it  reaches  a  second  dilatation  (c),  the  proventriculus,  or 
secreting  stomach.     The  mucous  membrane   here  is  thick  and 
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glandular,  and  13  provided  with  uumerous  se-  ^'f-  >6' 

creting  follicles  or  crypts.  From  tliem  an 
acid  fluid  is  poured  out,  by  whicb  the  food  is 
subjected  to  further  changes.  It  next  passes 
into  the  gizzard  {d),  or  triturating  stomach,  a 
cavity  inclosed  by  thick  muscular  walls,  and 
lined  with  a  remarkably  tough  and  borny 
epithelium.  Here  it  is  subjecletl  to  the  crush- 
ing and  grinding  action  of  the  muscular  pa- 
rietes,  assisted  by  grains  of  sand  and  gravel, 
which  the  animal  instinctively  swallows  with 
the  food,  by  which  it  is  so  triturated  and  dis- 
integrated, that  it  is  reduced  to  a  uniform  pulp, 
upon  which  the  digestive  fluids  can  eft'ectually 
operate.  The  mass  then  passes  into  the  intes- 
tine (('),  where  it  meets  with  the  intestinal 
juices,  which  complete  the  process  of  solution ; 
and  from  the  intestinal  cavity  it  is  finally  ab- 
sorbed in  a  liquid  form,  by  the  vessels  of  the 
mucous  membrane. 

In  the  ox,  again,  the  sheep,  the  camel,  the 
deer,  and  all  ruminating  animals,  there  are 
four  distinct  stomachs  through  which  the 
food  passes  in  succession;  eaeh  lined  with 
mucous  membrane  of  a  ditVerent  structure, 
and  adapted  to  perform  a  difterent  part  in 
the  digestive  process.  (F'ig.  17.)  "Whenilrst 
Bwallowedj  the  food  is  received  into  the  ru- 
men, or  paunch  {h),  a  large  sac,  itself  par- 
tially divided  by  incomplete  partitions,  and 
lined  by  a  mucous  membrane  thickly  set 
urith  long  prominences  or  villi.  Hero  it  ac- 
cuniulates  while  the  animal  is  feeding,  and  is 
retained  and  macerated  in  its  own  fluids.  When  the  animal  baa 
finished  browsing,  and  the  process  of  rumination  commences,  the 
food  is  regurgitated  into  the  mouth  by  an  inverted  action  of  the 
mu.scular  walls  of  the  paunch  and  oesophagus,  and  slowly  masticated. 
It  then  descends  again  along  the  ct'.sopbagus;  but  instead  of  enter- 
ing the  first  stomach,  as  before,  it  is  turned  off  by  a  mu.scular  valve 
into  the  second  stomach,  or  redndum  (c),  whicb  is  distinguished 
by  the  intersecting  folds  of  its  raucous  membrane,  which  givt-  it 
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loney-combed  or  reticvilaled  appearance.     Here  the  food,  already 

triturated   in   the   mouth,  and 
^'8"    '•  mixed  with  the  saliva,  is  further 

macerated  in  the  fluids  swal- 
lowed bj  the  animal,  which  al- 
ways accumuhitein  cousidei-able 
quantity  in  the  reticulum.  The 
next  Ciivity  is  the  oma.tns,  or 
"  psalterium"  (f^),  in  which  the 
mucous  membrane  is  arranged 
in  longitudinal  Iblds,  alternattily 
broad  and  narrow,  lying  parallel 
with  each  other  like  the  leaves 
of  a  book,  so  that  the  extent  of 
fif  mucous  surface,  brought  in  con- 

tact with  the  footl,  i.s  very  much 
increased.  The  exit  from  this 
cavity  leads  directly  into  the 
abirmasiu!,  or  "  rennet"  (f),  which 
is  the  true  digestive  stomach,  in  which  the  mucous  membrane  is 
softer,  thicker,  and  more  glandular  than  elsewhere,  and  in  which 
an  acid  and  highly  solvent  fluid  is  secreted.  Then  folloAVs  the  in- 
testinal canal  with  its  various  divisions  and  variations. 

In  the  camivora,  on  the  other  hand,  the  alimentary  canal  is 
shorter  and  narrower  than  in  the  preceding,  and  presents  fewer 
complexities.  The  food,  upon  which  these  animals  subsist,  is  softer 
than  that  of  the  herbivora,  and  less  encumbered  with  indigestible 
matter ;  so  that  the  process  of  its  solution  requires  a  less  extensive 
apparatus. 

In  the  human  species,  the  food  is  naturally  of  a  mixed  cha- 
racter, conliiining  both  animal  and  vegetable  substances.  But  the 
digestive  apparatus  in  man  resembles  almost  exactly  that  of  the 
camivora.  For  the  vegetable  matters  which  we  take  as  food  are, 
in  the  first  place,  artificially  separated,  to  a  great  extent,  from  indi- 
gestible impurities;  and  secondly,  they  are  so  softened  by  the 
process  of  cooking  as  to  become  nearly  or  quite  as  digestible  as 
animal  substances. 

In  the  human  species,  however,  the  process  of  digestion,  though 
ritnpler  than  in  the  herbivora,  is  still  complicated.  The  alimentary 
canal  is  here,  also,  divided  into  dift'erent  compartments  or  cavities, 
which  communicate  with  each  other  by  narrow  orifices.     At  its 
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membrane  presents,  also,  a  different  structure,  and  has  different 
properties  in  different  parts.  In  the  mouth  and  oesophagus,  it  is 
smooth,  with  a  hard,  whitish,  and  tessellated  epithelium.  This  kind 
of  epithelium  terminates  abruptly  at  the  cardiac  orifice  of  the 
stomach.  The  mucous  membrane  of  the  gastric  cavity  is  soft  and 
glandular,  covered  with  a  transparent,  columnar  epithelium,  and 
thrown  into  minute  folds  or  projections  on  its  free  surface,  which 
are  sometimes  reticulated  with  each  other.  In  the  small  intestine, 
we  find  large  transverse  folds  of  mucous  membrane,  the  valvulse 
conniventes,  the  minute  villosities  which  cover  its  surface,  and  the 
peculiar  glandtdar  structures  which  it  contains.  Finally,  in  the 
large  intestine,  the  mucous  membrane  is  again  different.  It  is  here 
smooth  and  shining,  free  from  villosities,  and  provided  with  a  dif- 
ferent glandular  apparatus. 
^  Furthermore,  the  digestive  secretions,  also,  vary  in  these  different 
r^ons.  In  its  passage  from  above  downward,  the  food  meets 
with  no  less  than  five  different  digestive  fluids.  First  it  meets  with 
the  taliva  in  the  cavity  of  the  month ;  second,  with  the  gastric  juice, 
in  the  stomach ;  third,  with  the  hile ;  fourth,  with  the  pancreatic 
fluid;  and  fifth,  with  the  intestinal  jtdce.  It  is  the  most  important 
characteristic  of  the  process  of  digestion,  as  established  by  modern 
researches,  that  the  variovs  elements  of  the  food  are  affected  in  different 
taaya  hy  these  dxffereni  digestive  fluids ;  and  as  the  result  of  their  com- 
bined action,  the  ingredients  of  the  alimentary  mass  are  successively 
reduced  to  a  fluid  condition,  and  are  then  taken  up  by  the  vessels 
of  the  intestinal  mucous  membrane. 

The  action  which  is  exerted  upon  the  food  by  the  digestive 
fluids  is  not  that  of  a  simple  chemical  solution.  It  is  a  transforma- 
tion, by  which  the  ingredients  of  the  food  are  altered  in  character 
at  the  same  time  that  they  undergo  the  process  of  liquefaction. 
The  active  agent  in  producing  this  change  is  in  every  instance  an 
organic  matter,  which  enters  as  an  ingredient  into  the  digestive 
fluid ;  and  which,  by  coming  in  contact  with  the  food,  exerts  upon 
it  a  catalytic  action,  and  transforms  its  ingredients  into  other  sub- 
stances. It  is  these  newly  formed  substances  which  are  finally 
absorbed  by  the  vessels,  and  mingled  with  the  general  current  of 
the  circulation. 

In  our  study  of  the  process  of  digestion,  the  different  digestive 
fluids  will  be  examined  separately,  and  their  action  on  the  aliment- 
ary substances  in  the  different  regions  of  the  digestive  apparatus 
raooessively  investigated.     \ 
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Mastication. — ^In  the  first  division  of  the  alimentary  canal,  viz, 
the  mouth,  the  food  undergoes  simultaneously  two  diflerent  opera- 
tions, viz.,  mastication  and  inaalivation.  Mastication  consists  in 
the  cutting  and  trituration  of  the  foo<l  by  the  teeth,  by  the  action 
of  which  it  is  reduced  to  a  state  of  minute  subdivision.  This  pro- 
cess is  entirely  a  mechanical  one.  It  is  necessary,  in  order  to  pre- 
pare the  food  for  the  subsequent  action  of  the  digestive  fluids.  As 
this  action  is  chemical  in  its  nature,  it  will  l>e  exerted  more  promptly 
and  efficiently  if  the  food  be  finely  divided  than  if  it  be  brought  in 
contact  with  the  digestive  fluids  in  a  solid  mass.  This  is  always 
the  case  when  a  solid  body  is  subjected  to  the  action  of  a  solvent 
Uuid;  since,  by  being  broken  up  into  minute  particles,  it  otfers  a 
larger  surface  to  the  contact  of  the  fluid,  and  is  more  readily 
attacked  and  dissolved  by  it. 

In  the  structure  of  the  teeth,  and  their  physiological  action,  there 
arc  certain  marked  differences,  corresponding  with  the  habits  of  the 
animal,  and  the  kind  of  food  upon  which  it  subsists.  In  fish  and 
serpents,  in  which  the  food  is  swallowed  entire,  and  in  which  the 
process  of  digestion,  accordingly,  is  comparatively  slow,  the  teeth 
are  simply  organs  of  prehension.  They  have  generally  the  form 
of  sharp,  curved  spines,  with  their  points  set  backward  (Fig.  19), 
and  arranged  in  a  double  or  triple  row 
about  the  edges  of  the  jaws,  and  sometimes 
covering  the  mucous  surfaces  of  the  mouth, 
tongue,  and  palate.  They  serve  merely  to 
retain  the  prey,  and  prevent  its  escape, 
after  it  has  been  seized  by  the  animal.  In 
the  carnivorous  quadrupeds,  as  those  of 
the  dog  and  cat  kind,  an<i  other  similar 
families,  there  are  three  dififerent  kinds  of  teeth  adapted  to  different 
mechanical  purposes.  (Fig.  20.)  First,  the  incisors,  twelve  in  num- 
ber, situated  at  the  anterior  part  of  the  jaw,  six  in  the  superior, 
and  six  in  the  inferior  maxilla,  of  flattened  form,  and  placed  with 
their  thin  edges  running  from  side  to  side.  The  incisors,  as  their 
name  indicates,  are  adapted  for  dividing  the  food  by  a  cutting 
motion,  like  that  of  a  pair  of  shears.  Behind  them  come  the  canine 
teeth,  or  tu-sks,  one  on  each  side  of  the  upper  and  under  jaw. 
These  are  long,  curved,  conical,  and  pointed;  and  are  used  as 
weapons  of  offence,  and  for  laying  hold  of  and  retaining  the  prey. 
Lastly,  the  molars,  eight  or  more  in  number  on  each  side,  are 
larger  and  broader  than  the  incisors,  and  provided  with  serrated 
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each  presenting  several  sharp  points,  arranged  generally  in 
irectioQ  parallel  with  the  line  of  the  jaw.     la  these  animals. 

mastication  is  very  imperfect,  since 

^^  the  food  is  not  ground  up,  but  only 

» ^^J^       J  pierced  and  mangled  by  the  action 

/Jf^KKSXwlL      A  ^^  ^^^^  teeth  before  being  swallowed 

into  the  stomach.  In  the  herbi- 
vora,  on  the  other  hand,  the  inci- 
sors are  present  only  in  the  lower 
jaw  in  the  ruminating  animals, 
though  in  the  horse  they  are 
found  in  both  the  upper  and  lower 
maxilla.  (Fig,  21.)  They  are  used 
merely  for  cutting  off  the  grass 
or  herbage,  on  which  the  animal  feeds.  The  canines  are  either 
absent  or  slightly  developed,  and  the  real  process  of  mastication  iu 
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performed  altogether  by  the  molars.  Theiae  are  large  and  thick 
(Fig.  22),  and  present  a  broad,  flat  surface,  diversified  by  variously 
folded  and  projecting  ridges  of  enamel,  with  shal- 
low grooves  between  them.  By  the  lateral  rub- 
bing motion  of  the  roughened  surfaces  against 
each  other,  the  food  is  effectually  comminuted 
and  reduced  to  a  pulpy  mass. 

In  the  human  subject,  the  teeth  combine  the 
characters  of  those  of  the  carnivora  and  the  herbi- 
xoiAa  Tooth  or    yora.  (Fig.  23.)    The  incisors  (a),  four  in  number 
ui'..rt^""   """*"    in  each  jaw,  have,  as  in  other  instances,  a  cutting 


.^^i 


I 


110 


DIGESTION. 


e^. 


..<• 


A.' 


IIcTKAN  TiRTR—  I^pperJa  w. — a.  laciwn.    ft.  CWnlnei 
.  Anterior  molar*,    d.  Ponlerlur  moUra. 


edge  running  from  side  to  side.     The  canines  {b),  which  are  situated 

immediately  behind   the  former,  are   much   less   prominent   and 

pointed  than  in  the  car- 

Fi'i.  23 

nivora,  and  difl'er  leas 

in  form  from  the  iuci-  _ 

sors  on  the  one  hand, 
and  the  first  molars  on 
the  other.  The  molars, 
again  (c,  d),  are  thick 
and  strong,  and  have 
comparatively  flat  sur- 
faces, like  those  of  the  d^'  ry^^Br— -"->a^  J^^lf^^^L)  ^><i 
herbivora;  but  instead 
of  presenting  curvili- 
near ridges,  are  covered 
with  more  or  less  coni- 
cal  eminences,  like  those 
of  the  carnivora.  In  the 
human  subject,  therefore,  the  teeth  are  evidently  adapted  for  a  mixed 
diet,  consisting  of  both  animal  and  vegetable  food.  Mastication  is 
here  as  perfect  as  it  is  in  the  herbivora,  though  less  prolonged  and 
laborious;  for  the  vegetable  substances  used  by  man,  as  already 
remarked,  are  previously  separated  to  a  great  extent  from  their 
impurities,  and  softened  by  cooking;  so  that  they  do  not  require, 
for  their  mastication,  so  extensive  and  powerful  a  triturating  ap- 
paratus. Finally,  animal  substances  are  more  completely  masti- 
cated in  the  human  subject  than  they  are  in  the  carnivora,  and 
their  digestion  is  accordingly  completed  with  greater  rapidity. 

We  can  easily  estimate,  from  the  facts  above  stated,  the  im- 
portance, to  the  digestive  process,  of  a  thorough  preliminary 
mastication.  If  the  food  be  hastily  swallowed  in  undivided  masses, 
it  must  remain  a  long  time  undissolved  in  the  stomach,  where  it 
will  become  a  source  of  irritation  and  disturbance;  but  if  reduced 
beforehand,  by  mastication,  to  a  state  of  minute  subdivision,  it  is 
readily  attacked  by  the  digestive  fluids,  and  becomes  speedily  and 
completely  liquefied. 

Saliva. — At  the  same  time  that  the  food  is  masticated,  it  is  mixed 
iu  the  cavity  of  the  mouth  with  the  first  of  the  digestive  fluids,  ^nz., 
the  saliva.  Human  saliva,  as  it  is  obtained  directly  from  the  buc- 
cal cavity,  is  a  colorless,  slightly  viscid  and  alkaline  fluid,  with  a 
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specific  gravity  of  1005.  When  first  discharged,  it  la  frothy  and 
opaline,  holding  in  suspension  minute,  whitish  flocculi.  On  being 
allowed  to  stand  for  some  hour.5  in  a  cylindrical  glass  vessel,  an 
opaque,  whitish  deposit  collects  at  the  bottom,  while  the  supernatant 
fluid  becomes  clear.  The  deposit,  when  examined  by  the  micro- 
scope (Fig.  24),  is  seen  to 
consist  of  abundant  epithe- 
lium scales  from  the  internal 
surface  of  the  mouth,  de- 
tached by  mechanical  irrita- 
tion, minute,  roundish,  gra- 
nular, nucleated  cells,  appa- 
rently epithelium  from  the 
mucous  follicles,  a  certain 
amount  of  granular  matter, 
and  a  few  oil-globules.  The 
supcrnataut  tluid  has  a  faint 
bluish  tinge,  and  becomes 
slightly  opalescent  by  boil- 
BircoAtA»i.(UAi.PDi,*it  BriTBBMDM.with   ^^gr  aod  bv  thc  addition  of 

Ormoolkr  Mall«r  indOilglobalei;  depoiUtdu  lodi-     nitric    acid.       Alcohol    iu    eX-. 
ktnt  ttiim  hDoiMi  utlWa.  ,  ... 

cess  causes  the  precipitation 
of  abundant  whitish  flocculi.  According  to  Bidder  and  Schmidt,' 
the  composition  of  saliva  is  as  follows : — 

CouPOBiTiozr  OF  Sauta. 

Water 995.16 

Organic  matter 1.34 

Solpho-cjaoide  of  potaasimn 0.06 

Phosphates  or  soda,  lime,  and  magnesia .98 

Chlorides  of  sodium  and  potasslam .84 

Mixture  of  epitbeliom l.'VZ 


1000.  (K) 

The  organic  substance  present  in  the  saliva  is  of  two  kinds.  The 
first,  which  is  known  by  the  name  of  ptyaline,  is  derived  from  the 
secretions  of  the  submaxillary  and  sublingual  glands.  It  is  this 
substance  which  gives  the  saliva  its  viscidity.  It  is  coagulable  by 
^cobol,  but  not  by  a  boiling  temperature.  The  other  organic  mat- 
ter present  in  the  saliva,  which  is  derived  from  the  secretion  of  the 
parotid  gland,  is  not  viscid,  but  coagulates  by  heat.  The  whole 
saliva  therefore  becomes  slightly  turbid  on  being  raised  to  a  boiling 
lemperature.    The  sulpho-cyanogen  may  be  detected  by  a  solution 

'  Verdauungesnfle  ood  Sloffwcohsel.     Leipzig,  IBoX 
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of  chloride  of  iron,  which  produces  the  characteristic  red  color  of  sal  - 
pho-cyanide  of  iron.  The  alkaline  reaction  of  the  saliva  varies  iia. 
intensity  during  the  day,  but  is  nearly  always  sufficiently  distinct. 

The  saliva  is  not  a  simple  secretion,  but  a  mixture  of  four  dis- 
tinct fluids,  which  difter  from  each  other  in  the  source  from  which. 
they  are  derived,  and  in  their  physical  and  chemical  properties. 
These  secretions  are,  in  the  human  subject,  first,  that  of  the  parotid 
gland;  second,  that  of  the  submaxillary;  third,  that  of  the  sub- 
lingual ;  and  fourth,  that  of  the  mucous  follicles  of  the  mouth. 
These  different  fluids  have  been  comparatively  studied,  in  the 
lower  animals,  by  Bernard,  Frerichs,  and  Bidder  and  Schmidt. 
The  parotid  saliva  is  obtained  in  a  state  of  purity  from  the  dog  by 
exposing  the  duct  of  Steno  where  it  crosses  the  masseter  muscle, 
and  introducing  into  it,  through  an  artificial  opening,  a  fine  silver 
canula.  The  parotid  saliva  then  runs  directly  from  its  external 
orifice,  without  being  mixed  with  that  of  the  other  salivary  glands. 
It  is  clear,  limpid,  and  watery,  without  the  slightest  viscidity,  and 
has  a  faintly  alkaline  reaction.  The  submaxillary  saliva  is  ob- 
tained in  a  similar  manner,  by  inserting  a  canula  into  Wharton's 
duct.  It  differs  from  the  parotid  secretion,  so  far  as  its  physical 
properties  are  concerned,  chiefly  in  possessing  a  well-marked  vis 
cidity.  It  is  alkaline  in  reaction.  The  sublingual  saliva  is  also 
alkaline,  colorless,  and  transparent,  and  possesses  a  greater  degree 
of  viscidity  than  that  from  the  submaxillary.  The  mucous  secre- 
tion of  the  follicles  of  the  mouth,  which  forms  properly  a  part  of 
the  saliva,  is  obtained  by  placing  a  ligature  simuhaneously  on 
Wharton's  and  Steno'a  ducts,  and  on  that  of  the  sublingual  gland, 
so  as  to  shut  out  from  the  mouth  all  the  glandular  salivary  secre- 
tions, and  then  collecting  the  fluid  secreted  by  the  buccal  mucous 
membrane.  This  fluid  is  very  scanty,  and  much  more  viscid  than 
either  of  the  other  secretions;  so  much  so,  that  it  cannot  be  poured 
out  in  drops  when  received  in  a  glass  vessel,  but  adheres  strongly 
to  the  surface  of  the  glass. 

We  have  obtained  the  parotid  saliva  of  the  human  subject  in  a 
state  of  purity  by  introducing  directly  into  the  orifice  of  Steno's 
duct  a  silver  canula  j'j  to  j'^  of  an  inch  in  diameter.  The  other 
extremity  of  the  canula  projects  from  the  mouth,  between  the  lips, 
and  the  saliva  is  collected  as  it  runs  from  the  open  orifice.  This 
method  gives  results  much  more  valuable  than  observations  made 
on  salivary  fistulae  and  the  like,  since  the  secretion  is  obtained  under 
Perfectly  healthy  conditions,  and  unmixed  with  other  animal  fluids. 
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The  result  of  many  dififerent  observations,  conducted  in  this  way, 
IS  that  the  human  parotid  saliva,  like  that  of  the  dog,  is  colorless, 
■watery,  and  distinctly  alkaline  in  reaction.  It  differs  from  the  mixed 
saliva  of  the  mouth,  in  being  perfectly  clear,  without  any  turbidity 
or  opalescence.  Its  flow  is  scanty  while  the  cheeks  and  jaws  remain 
at  rest ;  but  as  soon  as  the  movements  of  mastication  are  excited  by 
the  introduction  of  food,  it  runs  in  much  greater  abundance.  We 
have  collected,  in  this  way,  from  the  parotid  duct  of  one  side  only, 
in  a  healthy  man,  480  grains  of  saliva  in  the  course  of  twenty 
minutes ;  and  in  seven  successive  observations,  made  on  different 
days,  comprising  in  all  three  hours  and  nine  minutes,  we  have 
collected  a  little  over  3000  grains. 

The  parotid  saliva  obtained  in  this  way  has  been  analyzed  by 
Profl  Maurice  Perkins,  with  the  following  result :  — 

CoMPosiTioH  OP  Hdhak  Pabotid  Saliva. 

Water 983.306 

Organio  matter  precipitable  hy  alcohol 7.362 

Sabatanoe  destnictible  by  heat,  but  not  precipitated  by  alcohol 

or  acids 4.810 

SDlpho-oyanide  of  Bodium 0.330 

Phosphate  of  lime 0.240 

Chloride  of  potassium 0.900 

Chloride  of  sodium  and  carbonate  of  soda          ....  3.060 

1000.000 

Prof.  Perkins  found,  in  accordance  with  our  own  observations, 
that  the  fresh  parotid  saliva,  when  treated  with  perchloride  of  iron, 
showed  no  evidences  of  sulpho-cyanogen ;  but  after  the  organic  mat- 
ters had  been  precipitated  by  alcohol,  the  filtered  fluid  was  found 
to  contain  an  appreciable  quantity  of  the  sulpho-cyanide. 

The  organic  matter  in  the  parotid  saliva  is  in  rather  large  quan- 
tity as  compared  with  the  mineral  ingredients.  It  is  precipitable  by 
alcohol,  by  a  boiling  temperature,  by  nitric  acid,  and  by  sulphate 
of  soda  in  excess,  but  not  by  an  acidulated  solution  of  ferrocyanide 
of  potassium.  It  bears  some  resemblance,  accordingly,  to  albumen, 
but  yet  is  not  precisely  identical  with  that  substance. 

The  parotid  saliva  also  differs  from  the  mixed  saliva  of  the  mouth 
in  containing  some  substance  which  masks  the  reaction  of  sulpho- 
cyanogen.  For  if  the  parotid  saliva  and  that  from  the  mouth  be 
drawn  from  the  same  person  within  the  same  hour,  the  addition  of 
perchloride  of  iron  will  produce  a  distinct  red  color  in  the  latter,  while 
DO  such  change  takes  place  in  the  former.  And  yet  the  parotid 
8 


lU 


DIGESTION. 


saliva  contains  sulpho-cyanogen,  which  may  be  detected,  as  we  have 
already  seen,  after  the  organic  matters  have  been  precipiliited  by 
alcohol. 

A  very  curious  fact  has  been  observed  by  M.  Colin,  Professor  of 
Anatomy  and  Physiology  at  the  Veterinary  School  of  Alfort,'  viz., 
that  in  the  horse  and  ass,  as  well  as  in  the  cow  and  other  ruminat- 
iDg  animals,  the  parotid  glands  of  the  two  opposite  sides,  during 
mastication,  are  never  in  active  secretion  at  the  same  time ;  but 
that  they  alternate  with  each  other,  one  remaining  quiescent  while 
the  other  is  active,  and  vice  versd.  In  these  animals  mastication  is 
said  to  be  imi'lateraf,  that  is,  when  the  animal  commences  feeding 
or  ruminating,  the  food  is  triturated,  fur  lll\eeu  minutes  or  more,  by 
the  molars  of  one  side  only.  It  is  then  changed  to  the  opposite 
side ;  and  for  the  next  fifteen  minutes  mastication  is  performed  by 
the  molars  of  that  side  only.  It  is  then  changed  back  again,  and 
so  on  alternately,  so  that  the  direction  of  the  lateral  movements  of 
the  jaw  may  be  reversed  many  times  during  the  course  of  a  meal. 
By  establishing  a  salivary  fistula  simultaneously  on  each  side,  it  is 
found  that  the  flow  of  saliva  correspouds  with  the  direction  of  the 
masticatory  movement.  When  the  animal  masticates  on  the  right 
side,  it  is  the  right  parotid  which  secretes  actively,  while  but  little 
saliva  is  supplied  by  the  left ;  when  mastication  is  on  the  left  side, 
the  left  parotid  pours  out  an  abundance  of  fluid,  while  the  right  is 
nearly  inactive. 

We  have  observed  a  similar  alternation  in  the  flow  of  parotid 
saliva  in  the  human  subject,  when  the  mastication  is  changed  from 
side  to  side.  In  an  experiment  of  this  kind,  the  tube  being  inserted 
into  the  parotid  duct  of  the  left  side,  the  quantity  of  saliva  dis- 
charged during  twenty  minutes,  while  mastication  was  performed 
mainly  on  the  opposite  side  of  the  mouth,  was  127.5  grains;  while 
the  quantity  during  the  same  period,  mastication  being  on  the  same 
side  of  the  mouth,  was  374.4:  grains — being  nearly  three  times  as 
much  in  the  latter  case  as  in  the  former. 

Owing  to  the  variations  in  the  rapidity  of  its  secretion,  and  also 
to  the  fact  that  it  is  not  so  readily  excited  by  artificial  means  as 
by  the  presence  of  food,  it  becomes  somewhat  difficult  to  estimate 
the  total  qumititr/  of  saliva  secreted  daily.  The  first  attempt  to  do  so 
was  made  by  Mitscherlich,*  who  collected  from  two  to  three  ounces 
in  twenty-four  hours  from  an  accidental  salivary  fistula  of  Steno's 
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'  Traits  de  Pbjsiologle  Comparfe.  Paris,  1854,  p.  468. 
*  Simou'a  Chemistry  of  Man.     Pbila.  ed.,  1646,  p.  295. 
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dnct  in  the  human  subject ;  £rom  which  it  was  supposed  that  the 
total  amount  secreted  bj  all  the  glands  was  from  ten  to  twelve 
ounces  daily.  As  this  man  was  a  hospital  patient,  however,  and 
suffisring  from  constitutional  debility,  the  above  calculation  cannot 
be  regarded  as  an  accurate  one,  and  accordingly  Bidder  and  Schmidt' 
make  a  higher  estimate.  One  of  these  observers,  in  experimenting 
upon  himself  collected  from  the  mouth  in  one  hour,  without  using 
any  artificial  stimulus  to  the  secretion,  1500  grains  of  saliva ;  and 
calculates,  therefore,  the  amount  secreted  daily,  making  an  allow- 
ance of  seven  hours  for  sleep,  as  not  far  from  25,000  grains,  or 
about  three  and  a  half  pounds  avoirdupois. 

On  repeating  this  experiment,  however,  we  have  not  been  able  to 
collect  from  the  mouth,  without  artificial  stimulus,  more  than  556 
grains  of  saliva  per  hour.  This  quantity,  however,  may  be  greatly 
moreased  by  the  introduction  into  the  mouth  of  any  smooth  un- 
irritating  substance,  as  glass  beads  or  the  like;  and  during  the 
mastication  of  food,  the  saliva  is  poured  out  in  very  much  greater 
abundance.  The  very  sight  and  odor  of  nutritious  food,  when  the 
appetite  is  excited,  will  stimulate  to  a  remarkable  degree  the  flow 
of  saliva;  and,  as  it  is  often  expressed,  "bring  the  water  into  the 
mouth.''  Any  estimate,  therefore,  of  the  total  quantity  of  saliva, 
based  on  the  amount  secreted  in  the  intervals  of  mastication,  would 
be  a  very  imperfect  one.  We  may  make  a  tolerably  accurate 
calculation,  however,  by  ascertaining  how  much  is  really  secreted 
during  a  meal,  over  and  above  that  which  is  produced  at  other  times. 
We  have  found,  for  example,  by  experiments  performed  for  this 
purpose,  that  wheaten  bread  gains  during  complete  mastication  55 
per  cent,  of  its  weight  of  saliva ;  and  that  fresh  cooked  meat  gains, 
ander  the  same  circumstances,  48  per  cent,  of  its  weight.  We  have 
already  seen  that  the  daily  allowance  of  these  two  substances,  for  a 
man  in  frill  health,  is  19  ounces  of  bread,  and  16  ounces  of  meat. 
The  quantity  of  saliva,  then,  required  for  the  mastication  of  these 
ttro  substances,  is,  for  the  bread  4,572  grains,  and  for  the  meat  8,860 
grains.  If  we  now  calculate  the  quantity  secreted  between  meals 
as  continuing  for  22  hours  at  556  grains  per  hour,  we  have : — 

Saliva  reqaired  for  mastication  of  bread  &s   4572  grains. 
"  ••         "  «  ♦'  meat  =   3360     " 

secreted  in  intervals  of  meals  =  1 2232     " 

TMal  quantity  in  twenty-four  hoars  :=  20164  grains ; 

<Hr  rather  less  than  8  pounds  avoirdupois. 

I  Op.  cit.,  p.  14. 
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(  The  most  important  question,  connecte<l  with  this  subject,  relates 
to  the  funcn'on  of  (he  saliva  in  the  liiginlive  process.  A  very  remark- 
able projierty  of  this  fluid  is  that  which  wxis  discovered  by  Leuchs 
in  Germany,  viz.,  that  it  possesses  the  power  of  converting  boiled 
starch  into  sugar,  if  mixed  with  it  in  equal  proportions,  and  kept 
for  a  short  time  at  the  temperature  of  100°  ¥,  This  phenomenon 
is  one  of  catalysis,  in  which  the  starch  is  transformed  into  sugar  by 
simple  contact  with  the  organic  substance  contained  in  the  saliva. 
This  organic  substance,  according  to  the  experiments  of  Mialhe,' 
may  even  be  precipitated  by  alcohol,  and  kept  in  a  dry  stiite  for  an 
indefinite  length  of  time  withotit  losing  the  power  of  converting 
starch  into  sugar,  when  again  brought  in  contact  with  it  in  a  state 
of  solution. 

This  action  of  ordinary  human  saliva  on  boiled  starcb  takes  place 
sometimes  with  great  rapidity.  Traces  of  glucose  may  occasionally 
be  detected  in  the  mixture  in  one  minute  after  the  two  substances 
have  been  brought  in  contact;  and  we  have  even  found  that  starch 
paste,  intro<luced  into  the  cavity  of  the  mouth,  if  already  at  the 
temperature  of  100°  F.,  will  yield  traces  of  sugar  at  the  end  of  half 
a  minute.  The  rapidity  however,  with  which  this  action  is  mani- 
fested, varies  very  much,  as  was  formerly  noticed  b3''  Lehmann,  at 
different  times ;  owing,  in  all  probability,  to  the  varying  constitution 
of  the  saliva  itself.  It  is  often  impossible,  for  example,  to  find  any 
evidences  of  sugar,  iu  the  mixture  of  starch  and  saliva,  under  five, 
ten,  or  fifteen  minutes ;  and  it  ia  frequently  a  longer  time  than  this 
before  the  whole  of  the  starch  is  completely  transformed.  Even 
when  the  conversion  of  the  staroh  commences  very  promptly,  it  ia 
often  a  long  time  before  it  is  finished.  If  a  thin  starch  paste,  for 
example,  which  contains  no  traces  of  sugar,  be  taken  into  the  mouth 
and  thoroughly  mixed  with  the  buccal  secretions,  it  will  often,  as 
already  mentioned,  begin  to  show  the  reaction  of  sugar  in  the  course 
of  half  a  minute;  but  some  of  the  starchy  matter  still  remains,  and 
will  continue  to  manifest  its  characteristic  reaction  with  iodine,  for 
fifteen  or  twenty  minutes,  or  even  half  an  hour. 

This  property  of  the  saliva,  however,  is  rather  an  incidental  than 
an  essential  one ;  and  although  starchy  substances  are  really  con- 
verted into  sugar,  if  mixed  with  saliva  in  a  test-tube,  yet  they  are 
not  affected  by  it  to  the  same  degree  in  the  natural  process  of 
digestion.      We  have  already  mentioned  the   extremely  variablo 


'  Chimte  app1lqa««  k  la  PhTsiologie  et  k  la  Th^rapentiqae,  Paris,  1856,  p.  43. 
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activity  of  the  saliva,  in  this  respect,  at  diflFerent  times;  and  it 
must  be  recollected,  also,  that  in  digestion  the  food  is  not  retained 
in  the  cavity  of  the  mouth,  but  passes  at  once,  after  mastication. 
into  the  stomach.  It  might  be  supposed  that  the  saccharine  con- 
version of  starch,  after  being  commenced  in  the  mouth,  might 
continue  and  be  completed  in  the  stomach.  We  have  convinced 
ourselves,  however,  by  frequent  experiments,  that  this  is  not  the 
case.  If  a  dog,  with  a  gastric  fistula,  be  fed  with  a  mixture  of 
meat  and  boiled  starch,  and  portions  of  the  fluid  contents  of  the 
stomach  withdrawn  afterward  through  the  fistula,  the  starch  is 
easily  recognizable  by  its  reaction  with  iodine  for  ten,  fifteen,  and 
twenty  minutes  afterward.  In  forty-five  minutes  it  is  diminished 
in  quantity,  and  in  one  hour  has  usually  altogether  disappeared ; 
but  no  sugar  is  to  be  detected  at  any  time.  Sometimes  the  starch  dis- 
appears more  rapidly  than  this ;  but  at  no  time,  according  to  our  ob- 
servations, is  there  any  indication  of  the  presence  of  sugar  in  the  gas- 
tric fluids.  It  is  now  generally  acknowledged  also,  by  most  observers, 
that  sugar  cannot  be  detected  in  the  stomach,  after  the  introduction 
of  starch  in  any  form  or  by  any  method.  In  the  ordinary  process 
of  digestion,  in  fact,  starchy  matters  do  not  remain  long  enough  in 
the  mouth  to  be  altered  by  the  saliva,  but  pass  at  once  into  the  sto- 
mach. Here  they  meet  with  the  gastric  fluids,  which  become  min- 
gled with  them,  and  prevent  the  change  which  would  otherwise  be 
effected  by  the  saliva.  We  have  found  that  the  gastric  juice  will 
interfere,  in  this  manner,  with  the  action  of  the  saliva  in  the  test- 
tube,  as  well  as  in  the  stomach.  If  two  mixtures  be  made,  one  of 
starch  and  saliva,  the  other  of  starch,  saliva,  and  gastric  juice,  and 
both  kept  for  fifteen  minutes  at  the  temperature  of  100°  F.,  in  the 
first  mixture  the  starch  will  be  promptly  converted  into  sugar,  while 
in  the  second  no  such  change  will  take  place.  The  above  action, 
therefore,  of  saliva  on  starch,  though  a  curious  and  interesting  pro- 
perty, has  no  significance  as  to  its  physiological  function,  since  it 
does  not  take  place  in  the  natural  digestive  process.  We  shall  see 
hereafter  that  there  are  other  means  provided  for  the  digestion  of 
starchy  matters,  altogether  independent  of  the  action  of  the  saliva. 
The  true  function  of  the  saliva  is  altogether  a  physical  one.  Its 
action  is  simply  to  moisten  the  food  and  facilitate  its  mastication, 
as  well  as  to  lubricate  the  triturated  mass,  and  assist  its  passage 
down  the  oesophagus.  Food  which  is  hard  and  dry,  like  crusts, 
crackers,  &c.,  cannot  be  masticated  and  swallowed  with  readiness^ 
unless  moistened  by  some  fluid.   If  the  saliva,  therefore,  be  yrev  ented 
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from  entering  the  cavity  of  the  moath,  its  loss  does  not  interfere 
directly  with  the  chemical  changes  of  the  food  in  digestion,  but  only 
witli  its  mcchanicjtl  preparation.  This  is  the  result  of  direct  exj^Mi-ri- 
ments  performed  by  various  observers.  Bidder  and  Schmidt,'  after 
tying  Steno's  duct,  together  with  the  common  duct  of  the  sub- 
maxillary and  sublingual  glands  on  both  sides  in  the  dog,  found 
that  the  immediate  effect  of  such  an  operation  was  "  a  remarkable 
diminution  of  the  fluids  which  exude  upon  the  surfaces  of  the  mouth ; 
so  that  these  surtaces  retained  their  natural  moisture  only  so  long 
as  the  mouth  was  closed,  and  readily  became  dry  on  exposure  to 
contact  with  the  air.  Accordingly,  deglutition  became  evidently 
difficult  and  laborious,  not  only  for  dry  footl,  like  bread,  but  even 
for  that  of  a  tolerably  moist  consistency,  like  fresh  meat.  The 
animals  also  became  very  thirsty,  and  were  constantly  ready  to 
drink." 

Bernard'  also  found  that  the  only  marked  effect  of  cutting  off 
the  flow  of  saliva  from  the  mouth  was  a  difficulty  in  the  mechani- 
cal processes  of  mastication  and  deglutition.  Ho  first  admini8tere<l 
to  a  horse  one  pound  of  oat.s,  in  order  to  ascertain  the  rapidity  with 
which  mastication  would  naturally  be  ftcconi|)lished.  The  above 
quantity  of  grain  was  thoroughly  ma.sticated  and  swallowed  at  the 
end  of  nine  minutes.  An  opening  had  been  previously  made  in 
the  oesophagus  at  the  lower  part  of  the  neck,  so  that  none  of  the 
food  reached  the  stomach;  but  each  mouthful,  as  it  passed  down  tlie 
oesophagus,  was  received  at  the  oosopliageal  opening  and  examined 
by  the  experimenter.  The  parotid  duct  on  each  side  of  the  face 
was  then  divided,  and  another  pound  of  oats  given  to  the  animai 
Mastication  and  deglutition  were  both  found  to  be  immediately 
retarded.  The  alimeaury  miusses  passed  down  the  oesophagus  at 
longer  intervals,  and  their  interior  was  no  longer  moist  and  pasty, 
as  before,  but  dry  and  brittle.  Finally,  at  the  end  4>f  twenty-flve 
minutes,  the  animal  had  succeeded  in  masticating  and  swallowing 
only  about  three-ciuarters  of  the  quantity  which  he  had  previously 
disposed  of  in  nine  minutes. 

It  appears  also,  from  the  experiments  of  Magendie,  Bernard,  and 
Lassaigiic.  on  horses  and  cows,  that  the  quantity  of  saliva  absorbed 
by  the  food  during  mastication  is  in  direct  proportion  to  its  hard- 
ness and  dryness,  but  has  no  particular  relati*>n  to  its  chemical 
qualities.    These  experiments  were  performed  as  follows :  The  oeso- 

'  Op.  cil.,  p.  3. 

*  L«i;ona  du  Physiologic  Exp^rimeitUle,  PAris,  18S0,  p.  146. 
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pliagus  was  opened  at  the  lower  part  of  the  neck,  and  a  ligature 
placed  upon  it,  between  the  wound  and  the  stomach.  The  animal 
was  then  supplied  with  a  previously  weighed  quantity  of  food,  and 
this,  as  it  passed  out  by  the  oesophageal  opening,  was  received  into 
appropriate  vessels  and  again  weighed.  The  difference  in  weight, 
before  and  after  swallowing,  indicated  the  quantity  of  saliva  absorbed 
by  the  food.  The  following  table  gives  the  results  of  some  of  Las- 
saigne^s  experiments,'  performed  upon  a  horse : — 

Kind  or  Food  eiipu>tbd.  Qpartitt  of  Saliva  abtobbbd. 

For  100  parts  of  hay  there  were  absorbed  400  parts  saliva. 

"  barley  meal  «  186  " 

"  oats  "  113  " 

"  green  stalks  and  leaves    "  49  " 

It  is  evident  from  the  above  facts,  that  the  quantity  of  saliva 
produced  has  not  so  much  to  do  with  the  chemical  character  of  the 
food  as  with  its  physical  condition.  When  the  food  is  dry  and 
hard,  and  requires  much  mastication,  the  saliva  is  secreted  in 
abundance ;  when  it  is  soft  and  moist,  a  smaller  quantity  of  the 
secretion  is  poured  out ;  and  finally,  when  the  food  is  taken  in  a 
fluid  form,  as  soup  or  milk,  or  reduced  to  powder  and  moistened 
artificially  with  a  very  large  quantity  of  water,  it  is  not  mixed  at 
all  with  the  saliva,  but  passes  at  once  into  the  cavity  of  the  stomach. 
The  abundant  and  watery  fluid  of  the  parotid  gland  is  most  useful 
in  assisting  mastication;  while  the  glairy  and  mucous  secretion  of 
the  submaxillary  gland  and  the  muciparous  follicles  serve  to  lubri- 
cate the  exterior  of  the  triturated  mass,  and  facilitate  its  passage 
through  the  oesophagus. 

By  the  combined  operation  of  the  two  processes  which  the  food 
undergoes  in  the  cavity  of  the  mouth,  its  preliminary  preparation 
is  accomplished.  It  is  triturated  and  disintegrated  by  the  teeth, 
hnd,  at  the  same  time,  by  the  movements  of  the  jaws,  tongue,  and 
<;heeks,  it  is  intimately  mixed  with  the  salivary  fluids,  until  the 
whole  is  reduced  to  a  soft,  pasty  mass,  of  the  same  consistency 
throughout.  It  is  then  carried  backward  by  the  semi-involuntary 
movements  of  the  tongue  into  the  pharynx,  and  conducted  by  the 
muscular  contractions  of  the  oesophagus  into  the  stomach. 

Gastric  Juice,  axd  Stomach  Digestion. — The  mucous  mem- 
brane of  the  stomach  is  distinguished   by  its  great  vascularity 

'  Comptes  Rendus,  vol.  xzi.  p.  362. 
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and  tlie  abundant  glandular  apparatus  with  wbiuh  it  is  provided. 
Its  entire  thickness  is  occupied  b}'  certain  glandular  organs,  the 
gastric  tubules  or  follicles,  which  are  so  closely  set  as  to  leave 
almost  no  space  between  them  except  what  is  required  for  the 
capillary  bloodvessels.  The  free  surface  of  the  gastric  mucous 
membrane  is  not  smooth,  but  is  raised  in  minute  ridges  and  pro- 
jecting eminences.  In  the  cardiac  portion  (Fig.  25),  these  ridges 
are  reticulated  with  each  other,  so  as  to  include  between  them 
polygonal  interspaces,  each  of  which  is  encircled  by  a  capillary 
network.    In  the  pyloric  portion  (Fig.  26),  the  eminences  are  more 


Fig.  25. 


Fig.  26. 
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Fig.  2.')     Fr«p  unrCifla  of  O  AKTiiir  Urrom  Mrh  ii«  A  xc,  viewed  rrom  aboTe;  froiu  Pig*  Bta- 
IDkeh,  Cardiac  purtlon.     MatfoifltMl  TO  dlnmrior* 

Fig.  SiL     Frf«  »uTtme»  ol  Gastric   Ucndrn   UKanitiiXE,  vlewml  lu  rertlcRl  »«Ftl«D  , 
Ptg'i  Stonaeb,  Pyloria  rorllua.     Itegnlileil  430  diKmoten. 


or  less  pointed  and  conical  iu  form,  and  generally  flattened  iVom 
side  to  side.  They  contain  each  a  capillary  bloodvessel,  which  re- 
turns upon  itself  in  a  loop  at  the  extremity  of  the  projection,  and 
conimuuicates  freely  with  adjacent  vessels. 

The  gastric  follicles  are  very  different  in  different  parts  of  the 
stomach. 

In  the  pyloric  portion  of  the  pig's  stomach  (Fig.  27,  next  page), 
they  are  nearly  straight  or  slightly  tortuous  tubules,  j|b  of  an  inch 
in  diameter,  lined  with  small  glandular  epithelium  cells,  and  ter- 
minatiug  in  blind  extremities  at  the  under  surface  of  the  mucous 
membrane.  In  their  lower  half  ihey  *re  often  branched,  two  or 
more  lateral  diverticula  passing  off  from  the  principal  tubule,  and 
forming  a  little  mass  or  lobule  of  glandular  tubes.    At  their  upper 
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extremities,  they  open  on  the  free  surface  of  the  mucous  moui 
brane,  in  the  interspaces  between   the  projecting  folds  or  villi 

Among  these  tubular  glan- 
d's- 27.  dules  there  is  also  found,  in 
the  gastric  mucous  mem- 
brane, another  kind  of  glan- 
dular organ,  consisting  of 
closed  follicles,  similar  to 
the  solitary  glands  of  the 
small  intestine.  These  fol- 
licles, which  are  not  very 
numerous,  are  seated  in  the 
lower  part  of  the  mucous 
membrane,  and  enveloped  by 
the  GSBcal  extremities  of  the 
tubules,  (Fig.  27,  a.) 

In  the  cardiac  portion  of 
the  stomach  the  superficial 
part  of  the  mucous  mem- 
brane contains  very  wide 
'■^^ular  tubes  lined  with  large  distinctly  marked  cylinder  epithe- 
l'-*rri  cells.  (Fig.  29.)  These  tubes  divide  at  a  certain  distance  from 
P^   surface,  and  the  tubules  which  result  from  their  division  become 


11  Vpcor*  IfcMaKAXMorPia'sSTniiACEl,  from 

I      '"jinrlo   ponloo  ;  Tertir»l  M«tliio  ;    tbovrin^  frnftrle 
tdbnln,  and,    at  a,  a  rlo*«il   follicle.      Uagnlded  70 
I  4i«ltt«l«r8. 


Fig.  2R. 


P  g.  29. 
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tik    Oabt&k:  Trnci.Ks  raoii  Piu'h  Btdu  urn,  Pjrinric  pnrtioa,  ■howlog' tbelr  Cecal 
Vv^ltlllrk     At  ti,  tbr  turn  ><x(r«inll7  of  a  titbiilo,  almwlnir  it*  cavitj- 

*>r  9.    0**Tttic  Tpen. ««  raiiii  I'ih"*  9tmM*i'h;  r.tr.ll»c  pnrllun.     At  «,  a  largn  tabuU 
*'^Mln|  laio  two  tBiall  OBM.    b.  PortloD  of  a  tobale,  t^ea  eodwiM.    c.   Ili  central  eaTily. 
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much  reduced  in  size,  and  are  lined  with  small  rounded  cells  of 

glandular  epithelium.     They  finally  tern«inate,  liice  the  othei^  ir% 

roundtjd  extremities  ut   the 

bottom  of  the  mucous  mera-  ^^ 

brane. 

In  the  middle  portion  of 
the  stomach  the  tubules, 
which  are  here  very  long,  in 
comparison  both  with  those 
near  the  cardia  and  those 
near  the  pylorus,  are  also 
distinguished  by  being 
filled,  in  addition  to  the 
ordinary  glandular  epithe- 
lium, with  very  hirge, 
rounded,  granular  nucleated 
cells,  which  often  seem  to 
fill  their  entire  cavity  and 
project  from  their  sides,  giv- 
ing them  an  irregularly  tumefied  or  varicose  appearance.  These 
tubules,  with  large  granular  cells,  are  considered,  by  some  authors, 
as  the  most  important  agents  in  the  secretion  of  the  gastric  juice. 
All  the  gastric  tubules,  however,  in  the  various  parts  of  the  stomach, 
probably  combine  to  produce  the  digestive  fluid. 

The  bloodvessels  which  come  up  from  the  submucous  layer  of 
areolar  tissue  form  a  close  plexus  around  all  these  glandules,  and 
provide  the  mucous  membrane  with  an  abundant  supply  of  blood, 
for  the  purposes  both  of  secretion  and  absorption. 

That  part  of  digestion  which  takes  place  in  the  stomach  has 
always  been  regarded  as  nearly,  if  not  quite,  the  most  important 
part  of  the  whole  process.  The  first  observers  who  made  any 
a[»proxiinatioa  to  a  correct  idea  of  gastric  digestion  were  Reaumur 
and  Spallanzaoi,  who  showed  by  various  methods  that  the  reduction 
and  liquefaction  of  the  food  in  the  stomach  could  not  be  owing  to 
mere  contact  with  the  gastric  mucous  membrane,  or  to  compression 
by  the  muscular  walls  of  the  organ;  but  that  it  must  be  attributed 
to  a  digestive  fluid  secreted  by  the  raucous  membrane,  which  pene- 
trates the  food  and  reduces  it  to  a  fluid  form.  They  regarded  this 
procc^  as  a  simple  chemical  solution,  and  considered  the  gastric 
juice  as  a  universal  solvent  for  all  alimentary  substances.  They 
succeeded  even  in  obtaining  some  of  this  gastric  juice,  mingled 
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■probably  with  many  impurities,  by  causing  the  animals  upon  whicb 
"tiliey  experimented  to  swallow  sponges  attached  to  the  ends  of 
c^rds,  by  which  they  were  afterward  withdrawn,  the  fluids  which 
"tihey  had  absorbed  being  then  expressed  and  examined. 

The  first  decisive  experiments  on  this  point,  however,  were  those 
-performed  by  Dr.  Beaumont,  of  the  U.  S.  Army,  on  the  person  of 
Alexis  St.  Martin,  a  Canadian  boatman,  who  had  a  permanent  gas- 
tric fistula,  the  result  of  an  accidental  gunshot  wound.    The  musket, 
■which  was  loaded  with  buckshot  at  the  time  of  the  accident,  wa? 
discharged,  at  the  distance  of  a  few  feet  from  St.  Martin's  body,  in 
such  a  manner  as  to  tear  away  the  integximent  at  the  lower  part  of 
the  left  chest,  open  the  pleural  cavity,  and  penetrate,  through  the 
lateral  portion  of  the  diaphragm,  into  the  great  pouch  of  the  stomach. 
After  the  integument  and  the  pleural  and  peritoneal  surfaces  had 
united  and  cicatrized,  there  remained  a  permanent  opening,  of  about 
foor-fiftha  of  an  inch  in  diameter,  leading  into  the  left  extremity  of 
the  stomach,  which  was  usually  closed  by  a  circular  valve  of  pro- 
truding mucous  membrane.    This  valve  could  be  readily  depressed 
St  any  time,  so  as  to  open  the  fistula  and  allow  the  contents  of  the 
stomach  to  be  extracted  for  examination. 

Dr.  Beaumont  experimented  upon  this  person  at  various  intervals 
from  the  year  1825  to  1832."     He  established  during  the  course  of 
Uis  examinations  the  following  important  facts :  First,  that  the  ac- 
tive agent  in  digestion  is  an  acid  fluid,  secreted  by  the  walls  of  the 
etomach  ;  secondly,  that  this  fluid  is  poured  out  by  the  glandular 
'Walls  of  the  organ  only  during  digestion,  and  under  the  stimulus  of 
t;"he  food;  and  finally,  that  it  will  exert  its  solvent  action  upon  the 
food  outside  the  body  as  well  as  in  the  stomach,  if  kept  in  glass 
phials  upon  a  sand  bath  at  the  temperature  of  100°  F.    He  made 
ulso  a  variety  of  other  interesting  investigations  as  to  the  effect 
of  various  kinds  of  stimulus  on  the  secretion  of  the  stomach,  the 
rapidity  with  which  the  process  of  digestion  takes  place,  the  com- 
parative digestibility  of  various  kinds  of  food,  &c.  &c. 

Since  Dr.  Beaumont's  time  it  has  been  ascertained  that  similar 
gastric  fistulas  may  be  produced  at  will  on  some  of  the  lower  animals 
by  a  simple  operation;  and  the  gastric  juice  has  in  this  way  been 
obtained,  usually  from  the  dog,  by  Blondlot,  Schwann,  Bernard, 
Lehmann  and  others.  The  simplest  and  most,  expeditious  mode 
of  doing  the  operation  is  the  best.    An  incision  should  be  made 

>  Expisriineott  and  Obtervations  npon  the  Oastrio  Jaice.     Boston,  1834. 
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through  the  abdominal  parietes  in  the  median  line,  over  the  grca 
curvature  of  the  stumuch.     The  anterior  wall  of  the  organ  is  th< 
to  be  seized  with  a  pair  of  hooked  forceps,  drawn  out  at  the  ester 
wound,  and  opened  with  the  point  of  a  bistoury.     A  short  silvei 
canula,  one-half  to  three-quarters  of  an  inch  in  diameter,  armed  at 
each  extremity  with  a  narrow  projecting  rim  or  flange,  ia  then  in- 
serted into  the  wound  in  the  stomach,  the  edges  of  which  are  fast- 
ened ro\md  the  tube  with  a  ligature  in  order  to  prevent  the  escapaj 
of  the  gastric  fluids  into  the  peritoneal  cavity.     The  stomach  is  tbt 
returned  to  its  place  in  the  abdomen,  and  the  canula  allowed  to 
iijain  with  its  external  flange  resting  upon  the  edges  of  the  wounc 
in  the  abdominal  iutegumentci,  which  are  to  be  drawn  together  by'' 
sutures.     The  animal  may  be  kept  perfectly  quiet,  during  the  ope- 
ration, by  the  administration  of  ether  or  chloroform.     In  a  fei 
days  the  ligatures  come  away,  the  wounded  peritoneal  surfaces  ai 
united  with  each  other,  and  the  canula  is  retained  in  a  permaneal 
gastric  fistula ;  being  prevented  by  its  flaring  extremities  both  from 
falling  out  of  the  abdomen  and  from  being  accidentally  pushed  into 
the  storjKich.    It  is  clased  externally  by  a  cork,  which  may  be  with*  ^ 
drawn  at  pleasure,  and  the  contents  of  the  stomach  withdrawn  fol 
examination. 

Experiments  conducted  in  this  manner  confirm,  in  the  main,  thel 
results  obtained  by  Dr.  Beaumont.     Observations  of  this  kind  ar 
in  some  respects,  indeed,  more  sjitisfactory  when  made  upon  th« 
lower  animals,  than    upon  the  human  subject ;  since  animals  ar 
entirely  under  the  control  of  tlie  experimenter,  and  all  s<3urcos  of| 
deception  or  mistake  are  avoided,  while  the  investigation  is,  at  tl 
same  time,  greatly  facilitated  by  the  simple  character  of  their  footi. 

The  givstric  juice,  like  the  iialiva,  is  secreted  in   considerablel 
quantity  only  under  the  stimulus  of  recently  ingested  fo<xJ.     Dr. 
Beaumont  states  that  it  is  entirely  absent  during  the  intervals  of 
digestion ;  and  that  the  stomach  at  that  time  contains  no  acid  fluid,j 
but  only  a  little  neutral  or  alkaline  mucus.     He  M'as  able  to  obtaii 
a  sufficient  quantity  of  gastric  juice  for  examination,  by  gently  irri* 
tatiug  the  mucous  membrane  with  a  gum-clastic  catheter,  or  the  enc 
of  a  glass  rod,  and  by  collecting  the  secretion  as  it  ran  in  droj 
from  the  fistula.     On  the  introduction  of  food,  he  found  that  the 
mucous  membrane  became  turgid  and  reddened,  a  clear  acid  fluid 
collected  everywhere  in  dnips  underneath  the  layer  of  mucus  lin- 
ing the  walls  of  the  stomach,  and  was  soon  pouretl  out  abundantlyM 
into  its  cavity.    Wo  have  found,  however. that  the  rule  laid  down 
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Idj  Dr.  Beaumont  in  this  respect,  though  correct  in  the  main,  is  not 
Invariable.    The  truth  is,  the  irritability  of  the  gastric  mucous 
znembrane,  and  the  readiness  with  which  the  flow  of  gastric  juice 
xnaj  be  excited,  varies  considerably  in  different  animals ;  even  in 
those  belonging  to  the  same  species.    In  experimenting  with  gastric 
:fistul»  on  different  dogs,  for  example,  we  have  found  in  one  instance, 
like  Dr.  Beaumont,  that  the  gastric  juice  was  always  entirely  absent 
in  the  intervals  of  digestion;  the  mucous  membrane  then  present- 
ing invariably  either  a  neutral  or  slightly  alkaline  reaction.    In 
this  animal,  which  was  a  perfectly  healthy  one,  the  secretion  could 
not  be  excited  by  any  artificial  means,  such  as  glass  rods,  metallic 
catheters,  and  the  like ;  but  only  by  the  natural  stimulus  of  ingested 
food.     We  have  even  seen  tough  and  indigestible  pieces  of  tendon, 
introduced  through  the  fistula,  expelled  again  in  a  few  minutes,  one 
after  the  other,  without  exciting  the  flow  of  a  single  drop  of  acid 
fluid ;  while  pieces  of  fresh  meat,  introduced  in  the  same  way,  pro- 
<]uced  at  once  an  abundant  supply.    In  other  instances,  on  the  con- 
^^ary,  the  introduction  of  metallic  catheters,  &c.,  into  the  empty 
stomach  has  produced  a  scanty  flow  of  gastric  juice;  and  in  experi- 
ixtenting  upon  dogs  that  have  been  kept  without  food  during  various 
I>eriods  of  time  and  then  killed  by  section  of  the  medulla  oblongata, 
'^'V-e  have  usually,  though  not  always,  found  the  ga.stric  mucous  mem- 
V>rane  to  present  a  distinctly  acid  reaction,  even  after  an  abstinence 
of  six,  seven,  or  eight  days.    There  is  at  no  time,  however,  under 
'fcliese  circumstances,  any  considerable  amount  of  fluid  present  in 
"fclie  stomach ;  but  only  just  sufficient  to  moisten  the  gastric  mucous 
xnembrane,  and  give  it  an  acid  reaction. 

The  gastric  juice,  which  is  obtained  by  irritating  the  stomach 

"Vrith  a  metallic  catheter,  is  clear,  perfectly  colorless,  and  acid  in 

Inaction.    A  sufficient  quantity  of  it  cannot  be  obtained  by  this 

method  for  any  extended  experiments ;  and  for  that  purpose,  the 

animal  should  be  fed,  after  a  fast  of  twenty-four  hours,  with  fresh 

lean  meat,  a  little  hardened  by  short  boiling,  in  order  to  coagulate 

the  fluids  of  the  muscular  tissue,  and  prevent  their  mixing  with  the 

gastric  secretion.    No  eflfect  is  usually  apparent  within  the  first  five 

minutes  ailer  the  introduction  of  the  food.    At  the  end  of  that  time 

the  gastric  juice  begins  to  flow ;  at  first  slowly,  and  in  drops.    It  is 

then  perfectly  colorless,  but  very  soon  acquires  a  slight  amber 

tinge.    It  then  begins  to  flow  more  freely,  usually  in  drops,  but 

often  running  for  a  few  seconds  in  a  continuous  stream.    In  this 

way  from  3ij  to  Siiss  may  be  collected  in  the  course  of  fifteen 
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minutes.     Afterward  it  becomes  somewhat  turbid  with  tne  ae 
of  the  fowl,  which  has  begun  to  be  disintegrated;  bat  from  this  i 
may  be  readily  separated  by  filtration.     After  three  hours,  it  oa 
tinues  to  run  freely,  but  has  become  very  much  thickened,  i 
even  grumoua  in  consistency,  from   the  abundant  admixture 
alimentary  debris.     In  six  hours  after  the  commencement  of  digi 
tion  it  runs  less  freely,  and  in  eight  hours  has  become  very  scan! 
though  it  continues  to  preserve  the  same  physical  appearances 
before.    It  ceases  to  flow  altogether  in  from  nine  to  twelve  houi 
jcording  to  the  quantity  of  food  taken. 

For  puq^oses  of  examination,  the  fluid  drawn  during  the  fi 
fifteen  minutes  after  feeding  should  be  collected,  and  separated  \ 
filtration  from  accidental  impurities.  Obtained  in  this  way,  I 
gastric  juice  is  a  clear,  watery  Quid,  without  any  n]>precjable  v 
cidity,  very  distinctly  acid  to  test  paper,  of  a  faint  umber  col 
and  with  a  specific  gravity  of  1010.  It  becomes  opalescent 
boiling,  (jwing  to  the  coagulation  of  its  organic  ingredients,  T 
following  is  the  composition  of  the  gastric  juice  of  the  dog,  baa 
on  a  comparison  of  various  analyses  by  Lehmann,  Bidder  i 
Schmidt,  and  other  observers :  — 

Co3ii>oeiTio:r  op  Gastric  JriCR. 

Water .  975.00 

Orgiinio  niAller 15.00 

Lftctic  acid 4.78 

CLloride  of  sodiam            ........  I.70 

"         "  potassium 1.08 

"          "  calcium 0.20 

"         "  ammonitim 0.65 

Phosphate  of  lime   . 1.4B 

"          "   magnesia O.Oe 

"          "   iron 0.05 


1000,00 
In  place  of  lactic  acid,  Bidder  and  Schmidt  found,  in  most  of  tlii 
analyses,  hydrochloric  acid,  Lehmann  admits  that  a  small  quanti 
of  hydrochloric  acid  is  present,  but  regards  lactic  acid  as  the  nw 
abundant  and  important  ingredient  of  the  two.  Robin  and  V) 
deil  also  regard  the  acid  reaction  of  the  gastric  juice  as  due  to  h 
tic  acid;  and,  finally,  Bernard  has  shown,'  by  a  series  of  well  e< 
irived  experiments,  that  the  free  acid  of  the  dog's  gastric  juice 
undoubtedly  the  lactic ;  and  that  the  hydrocbloric  acid  obtained 
distillation  is  really  produced  by  a  decomposition  of  the  chlorid 
which  enter  into  the  composition  of  the  fresh  juioe. 

I  L«^na  de  Phj^siologie  Exp<rim«ntale,  Paris,  18&6,  p.  896. 
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Prof.  C.  Sclunidt,'  in  Germany,  has  also  bad  an  opportunity  oJ 
sxamining  the  human  gastric  juice  in  a  case  of  gastric  fistula,  sinii 
lar  to  that  of  Alexis  St.  Martin.  This  was  the  case  of  a  healthy 
woman,  85  years  of  age,  who,  in  consequence  of  a  local  inflamma* 
tion,  became  affected  with  a  gastric  fistula  situated  below  the  left 
breasty  in  the  ninth  intercostal  space.  Prof.  Schmidt  found  the 
gastric  juice  obtained  from  this  fistula  similar  to  that  of  the  dog, 
except  that  it  contained  a  smaller  proportion  of  organic  matter,  of 
free  acid,  and  of  solid  ingredients  generally;  —  the  whole  secretion 
being,  at  the  same  time,  more  abundant  in  quantity. 

From  our  own  observations,  already  alluded  to,  we  have  no 
doubt  that  both  the  quantity  and  density  of  the  gastric  juice  vary, 
within  certain  limits,  in  different  individuals  of  the  same  species; — 
the  proportion  of  solid  ingredients  being  less  when  the  secretion  is 
more  abundant,  and  greater  when  the  secretion  is  in  small  quantity. 
The/rcc  acid  is  an  extremely  important  ingredient  of  the  gastric 
secretion,  and  is,  in  fact,  essential  to  its  physiological  properties ; 
for  the  gastric  juice  will  not  exert  its  solvent  action  upon  the  food, 
&fter  it  has  been  neutralized  by  the  addition  of  an  alkali,  or  an  alka- 
line carbonate. 

The  most  important  ingredient  of  the  gastric  juice,  beside  the 
&ee  acid,  is  its  organic  matter  or  "ferment,'.'  which  is  known 
under  the  name  of  jpgwine.      This  name,  "pepsine,"  was  origi- 
xuJIy  given  by  Schwann  to  a  substance  which  he  obtained  from 
%he  mucous  membrane  of  the  pig's  stomach,  by  macerating  it  in 
•listilled  water  until  a  putrid  odor  began  to  be  developed.    The 
substance  in  question  was  precipitated  from  the  watery  infusion  by 
the  addition  of  alcohol,  and  dried ;  and  if  dissolved  afterward  in 
acidulated  water,  it  was  found  to  exert  a  solvent  action  on  boiled 
white  of  egg.    This  substance,  however,  did  not  represent  precisely 
the  natural  ingredient  of  the  gastric  secretion,  and  was  probably  a 
mixture  of  various  matters,  some  of  them  the  products  of  com- 
mencing decomposition  of  the  mucous  membrane  itself.    The  name 
pepsine,  if  it  be  used  at  all,  should  be  applied  to  the  organic  matter 
which  naturally  occurs  in  solution  in  the  gastric  juice.    It  is  alto- 
gether unessential,  in  this  respect,  from  what  source  it  may  be 
originally  derived.    It  has  been  regarded  by  Bernard  and  others, 
on  somewhat  insufficient  grounds,  as  a  product  of  the  alteration  of 
the  mucus  of  the  stomach.    But  whatever  be  its  source,  since  it  is 

>  Aniwlen  d«r  Chemir  ond  Ph«riDMie,  18M,  p.  42. 
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always  present  iu  the  secretion  of  the  stomach,  and  takes  an  active 
part  in  the  performance  of  its  function,  it  can  be  regarded  in  no 
other  light  than  as  a  real  anatomical  ingredient  of  the  gastric  juioe, 
and  as  essential  to  its  constitution. 

Pepsine  is  precipitated  from  its  solution  in  the  gastric  juice  by 
absolute  alcohol,  and  by  various  metallic  salts,  but  is  not  affected 

by  ferrocyanide  of  potassium. 
^'8'  31.  It   is  precipitated   also,  and 

coagulated,  by  a  boi'ing  tem- 
perature; and  the  gastric 
juice,  accordingly,  after  being 
boiled,  becomes  turV)id,  and 
loses  altogether  its  power  of 
dissolving  alimentary  sub- 
stances. Gastric  j nice  is  also 
aflected  in  a  remarkable 
manner  by  being  mingled 
with  hik.  We  have  found 
that  four  to  six  drops  of  dog's 
bile  precipitate  completely 
with  5j  of  gastric  juice  from 
the  same  animal ;  so  tliat  the 
whole  of  the  biliary  coloring 
matter  is  thrown  down  as  a 
deposit,  and  the  filtered  fluid  is  found  to  have  lost  entirely  itA 
digestive  power,  though  it  retains  an  acid  reaction. 

A  very  singular  property  of  the  gastric  juice  is  its  inaptitude  fnr 
■putrefaction.  It  may  be  kept  for  an  indefinite  length  of  time  in  a 
common  glass-stoppered  bottle  without  developing  any  putreacent 
odor.  A  light  deposit  genenilly  collects  at  the  bottom,  and  a  coo- 
fervoid  vegetable  growth  or  "mould"  often  shows  itself  in  the  fluid 
after  it  baa  been  kept  for  one  or  two  weeks.  This  growth  has  the 
form  of  white,  globular  masses,  each  of  which  is  composed  of  deli, 
cate  radiating  branched  filaments  (Fig.  31) ;  each  filament  consisting 
of  a  row  of  elongated  cells,  like  other  vegetable  growths  of  a  similar 
nature.  These  growths,  however,  are  not  accompajiied  by  any 
putrefactive  changes,  and  the  gastric  juico  retains  its  acid  reaction 
and  its  digestive  properties  for  many  months. 

By  experimenting  artificially  with  gastric  juice  on  various  ali- 
mentary substances,  such  as  meat,  boiled  white  of  egg,  &c.,  it  is 
found,  as  Dr.  Beaumont  formerly  observed,  to  exert  a  solvent  action 


CosrsBToiD  Vrokt  ABi.i,  growiog  lo  th»  Oli- 
Irle  Juice  of  th«  Mof.  Tbo  fibre*  have  ftn  Bver»t;e 
ill>met»r  of  1-7000  of  %a  Inch. 
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on  these  substances  outside  the  body,  as  well  as  in  the  cavity  of  the 
stomach.    This  action  is  most  energetic  at  the  temperature  of  100° 
F.    It  gradually  diminishes  in  intensity  below  that  point,  and  ceases 
altogether  near  32°.    If  the  temperature  be  elevated  above  100° 
the  action  also  becomes  enfeebled,  and  is  entirely  suspended  about 
160°,  or  the  temperature  of  coagulating  albumen.    Contrary  to 
what  was  supposed,  however,  by  Dr.  Beaumont,  and  his  predeces- 
sors, the  gastric  juice  is  not  a  universal  solvent  for  all  alimentary 
substances,  but,  on  the  contrary,  affects  only  a  single  class  of  the 
proximate  principles,  viz.,  the  albuminoid  or  organic  substances. 
Neither  starch  nor  oil,  when  digested  in  it  at  the  temperature  of 
the  body,  suffers  the  slightest  chemical  alteration.    Fatty  matters 
are  simply  melted  by  the  heat,  and  starchy  substances  are  only 
iiydrated  and  gelatinized  to  a  certain  extent  by  the  combined  influ- 
ence of  the  warmth  and  moisture.    Solid  and  semi-solid  albuminoid 
rnatters,  however,  are  at  once  attacked  and  liquefied  by  the  diges- 
tive fluid.    Pieces  of  coagulated  white  of  egg  suspended  in  it,  in  a 
test-tube,  are  gradually  softened  on  their  exterior,  and  their  edges 
"become    pale   and    rounded.    They  grow  thin  and  transparent; 
£md  their  substance  finally  melts  away,  leaving  a  light  scanty  de- 
posit, which  collects  at  the  bottom  of  the  test-tube.    While  the 
ciisintegrating  process  is  going  on,  it  may  almost  always  be  noticed 
that  minute,  opaque  spots  show  themselves  in  the  substance  of  the 
liquefying  albumen,  indicating  that  certain  parts  of  it  are  less  easily 
attacked  than  the  rest ;  and  the  deposit  which  remains  at  the  bot- 
tom is  probably  also  composed  of  some  ingredient,  not  soluble  in 
the  gastric  juice.    If  pieces  of  fresh  meat  be  treated  in  the  same 
manner,  the  areolar  tissue    entering   into  its  composition  is  first 
dissolved,  so  that  the  muscular  bundles  become  more  distinct,  and 
separate  from  each  other.     They  gradually  fall  apart,  and  a  little 
brownish  deposit  is  at  last  all  that  remains  at  the  bottom  of  the 
tube.    If  the  hard  adipose  tissue  of  beef  or  mutton  be  subjected 
to  the  same  process,  the  walls  of  the  fat  vesicles  and  the  inter- 
vening areolar  tissue,  together  with  the  capillary  bloodvessels,  &c., 
are  dissolved ;  while  the  oily  matters  are  set  free  from  their  en 
velops,  and  collect  in  a  white,  opaque  layer  on  the  surface.     In 
cheese,  the  casein  is  dissolved,  and  the  oil  which  it  contains  set 
free.      In  bread  the  gluten  is  digested,  and  the  starch    left  un- 
changed.    In  milk,  the  casein  is  first  coagulated  by  contact  with 
the  acid  gastric  fluids,  and  afterward  slowly  liquefied,  like  other 

albuminoid  substances. 
9 
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The  time  required  for  the  complete  liquefaction  of  these  snt>' 
stances  varies  with  the  quantity  of  matter  present,  and  with  its  state 
of  cohesion.  The  process  is  hastened  by  occasionally  shaking  up 
the  mixture,  so  as  to  separate  the  parts  already  disint^rated.  and 
bring  the  gastric  fluid  into  contact  with  fresh  portions  of  the  diges- 
tible substance. 

The  liquefying  process  which  the  food  undergoes  in  the  gastric 
juice  is  not  a  simple  solution.  It  is  a  catalytic  transformation, 
produced  in  the  albuminoid  substances  by  contact  with  the  organic 
matter  of  the  digestive  fluid.  This  organic  matter  acta  5n  a  similar 
manner  to  that  of  the  catalytic  bodies,  or  "ferments,"  generally. 
Its  peculiarity  is  that,  for  its  active  operation,  it  requires  to  be  dis- 
solved in  an  acidulated  fluid.  In  common  with  other  ferments,  it 
requires  also  a  moderate  degree  of  warmth ;  its  action  being  checked, 
both  by  a  very  low,  and  a  very  high  temperature.  By  its  opera- 
tion the  albuminoid  matters  of  the  food,  whatever  may  have  been 
their  original  character,  are  all,  without  distinction,  converted  into 
a  new  substance,  viz.,  alhummose.  This  substance  has  the  general 
characters  belonging  to  the  class  of  organic  matters.  It  is  uncrys- 
tullizablc,  and  contains  nitrogen  as  an  ultimate  element.  It  \a  pre- 
cipitated, like  albumen,  by  an  excess  of  alcohol,  and  by  the  metallic 
salts;  but  unlike  albumen,  is  not  affected  by  nitric  acid  or  a  Ixjil- 
ing  temperature.  It  is  freely  soluble  in  water,  and  after  it  is  once 
produced  by  the  digestive  process,  remains  in  a  fluid  condition, 
and  is  ready  to  be  absorbed  bj'  the  vessels.  In  this  way,  casein, 
fibrin,  mu.sculine,  gluten,  &c.,  are  all  reduced  to  the  condition  of 
albuminose.  By  experimenting  as  above,  with  a  mixture  of  food 
and  gastric  juice  in  test-tubes,  we  have  found  that  the  caaeiu  of 
cheese  is  entirely  converted  into  albuminose,  and  dissolved  under 
that  form.  A  very  considerable  portion  of  raw  white  of  egg,  how- 
ever, dissolves  in  the  gastric  juice  directly  as  albumen,  and  retains 
its  property  of  coagulating  by  beat.  Sotl-boiled  white  of  egg  and 
raw  meat  are  principally  converted  into  albuminose;  but  at  the 
same  time,  a  small  portion  of  albumen  is  also  taken  up  unchanged. 

The  above  process  is  a  true  liquefaction  of  the  albuminoid  sub- 
stances, and  not  a  simj^le  disintegration.  If  fresh  meat  be  cut  into 
small  pieces,  and  artificially  digested  in  gastric  juice  \y\  test-tubes, 
at  1UU°  F.,  and  the  process  assisted  by  occasional  gentle  agitation, 
the  fluid  continues  to  take  up  more  and  more  of  the  digestible 
material  for  from  eight  to  ten  hours.  At  the  end  of  that  time  if  it 
be  separated  and  Altered,  the  filtered  fluid  has  a  distinct,  brownish 
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color,  and  is  saturated  with  dissolved  animal  matter.  Its  specific 
gravity  is  found  to  have  increased  from  1010  to  1020 ;  and  on  the 
addition  of  alcohol  it  becomes  turbid,  with  a  very  abundant  whitish 
precipitate  (albuminose).  There  is  also  a  peculiar  odor  developed 
daring  this  process  which  resembles  that  produced  in  the, malting 
of  barley. 

Albuminose,  in  solution  in  gastric  juice,  has  several  peculiar 
properties.  One  of  the  most  remarkable  of  these  is  that  it  inter- 
feres with  the  operation  of  Trommer's  test  for  grape  sugar  (see 
page  68).  We  first  observed  and  described  this  peculiarity  in 
1854,'  but  could  not  determine,  at  that  time,  upon  what  particular 
ingredient  of  the  gastric  juice  it  depended.  A  short  time  subse- 
quently it  was  also  noticed  by  M.  Longet,  in  Paris,  who  published 
bis  observations  in  the  Gazette  Hehdomadaire  for  February  9th, 
L865.'  He  attributed  the  reaction  not  to  the  gastric  juice  itself, 
bat  to  the  albuminose  held  in  solution  by  it.  We  have  since  found 
iliis  explanation  to  be  correct.  Gastric  juice  obtained  from  the 
impty  stomach  of  the  fasting  animal,  by  irritation  with  a  metallic 
3atheter,  which  is  clear  and  perfectly  colorless,  does  not  interfere 
LB  any  way  with  Trommer's  test ;  but  if  it  be  macerated  for  some 
boars  in  a  test-tube  with  finely  chopped  meat,  at  a  temperature  of 
100°,  it  will  then  be  found  to  have  acquired  the  property  in  a 
marked  degree.  The  reaction  therefore  depends  undoubtedly  upon 
the  presence  of  albuminose  in  solution.  As  the  gastric  juice,  drawn 
from  the  dog's  stomach  half  an  hour  or  more  after  the  introduction 
of  food,  already  contains  some  albuminose  in  solution,  it  presents 
the  same  reaction.  If  such  gastric  juice  be  mixed  with  a  small 
<][aantity  of  glucose,  and  Trommer's  test  applied,  no  peculiarity  is 
observed  on  first  dropping  in  the  sulphate  of  copper;  but  on  adding 
afterward  the  solution  of  potassa,  the  mixture  takes  a  rich  purple  hue, 
instead  of  the  clear  blue  tinge  which  is  presented  under  ordinary 
ciicamstances.  On  boiling,  the  color  changes  to  claret,  cherry  red, 
and  finally  to  a  light  yellow ;  but  no  oxide  of  copper  is  deposited,  and 
the  fluid  remains  clear.  If  the  albuminose  be  present  only  in  small 
quantity,  an  incomplete  reduction  of  the  copper  takes  place,  so  that 
the  mixture  becomes  opaline  and  cloudy,  but  still  without  any  well 
marked  deposit  This  interference  will  take  place  when  sugar  is 
present  in  very  large  proportion.    We  have  found  that  in  a  mix- 

I  Amerioan  Jonrn.  Hed.  Sci.,  Oct.  1854,  p.  319.  • 

*  KouTelles  reohercbes  relatiTea  k  Paction  da  sac  gsstriqne  sar  les  substances 
albnmiiwides.— &ax.  Hthd.  9  Ffvrier,  1855,  p.  103. 
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ture  of  honey  and  gastric  juice  in  equal  volumes,  no  reduction  of 
copper  lakes  place  on  the  application  of  Trominer's  test.  It  is 
remarkable,  liowever,  tliat  if  .sucli  a  mixture  be  previously  diluted 
with  an  equal  quantity  of  water,  the  interference  does  not  take 
place,  and  the  copper  is  deposited  ivs  usual. 

Usually  this  peculiar  reaction,  now  that  vre  are  acquainted  with 
its  existence,  will  not  practically  prevent  the  detection  of  sugar, 
when  present;  since  the  presence  of  the  sugar  is  distinctly  iuili- 
cated  by  the  change  of  color,  as  above  mentioned,  from  piTrple  to 
yellow,  though  the  copper  may  not  be  thrown  down  na  a  precipi- 
tate. All  possibility  of  error,  furthermore,  may  be  avoided  by 
adopting  the  following  precautions.  The  purple  color,  already  men- 
tioned, will,  in  the  first  place,  serve  to  indicate  the  [tresence  of  the 
albuminoid  ingredient  in  the  suspected  fluid.  The  mixture  should 
then  be  evaporated  to  dryness,  and  extracted  Avitli  alcohol,  in  order 
to  eliminate  the  animal  matters.  Alter  that,  a  watery  solution  of 
the  sugar  contained  in  the  alcoholic  extract  will  react  as  usual  with 
Trommer's  test,  and  reduce  the  oxide  of  copper  without  difliculiy. 

Another  remarkable  property  of  gastric  juice  containing  albu- 
minose,  which  is  not,  however,  peculiar  to  it,  but  common  to  manv 
other  animal  fluiils,  is  that  of  interfering  with  the  mutual  reaction 
of  starch  ami  iodine.  If  5j  of  such  gastric  juice  be  mixed  with  5j 
of  iodine  water,  and  boiled  stiirch  be  subsequently  added,  no  blue 
color  is  produced;  though  if  a  larger  quantity  of  iodine  water  l>e 
added,  or  if  the  tincture  be  used  instead  of  the  aqueous  solution, 
the  superabundant  iodine  then  combines  with  the  starch,  and  pro- 
duces the  ordinary  blue  color.  This  property,  like  that  described 
above,  is  not  po.ssessed  by  pure,  colorless,  gastric  juice,  taken  from 
the  empty  stomach,  but  is  acquired  by  it  on  being  digested  with 
albuminoid  substances. 

Another  important  action  wliich  takes  place  in  the  stomach, 
beside  the  secretion  of  the  gastric  juice,  is  the  per istaltic  movement 
of  the  organ.  This  movement  is  accomphshed  by  the  alternate 
contraction  and  relaxation  of  the  longitudinal  and  circular  fibres 
of  its  muscular  coat.  The  motion  is  minutely  described  by  Dr. 
Beaumont,  who  examined  it,  both  by  watching  the  movements  of 
the  food  through  the  gastric  fistula,  and  also  by  introducing  into 
the  stomach  the  bulb  and  stem  of  a  thermometer.  Accortling  to 
his  observations,  when  the  ibud  first  passes  into  the  stomach,  and 
the  secretion  of  the  gastric  juice  commences,  the  muscular  coat, 
which  was  before  quiescent,  is  excited  and  begins  to  contract  act- 
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ively.  The  contraction  takes  place  in  such  a  manner  that  the  food, 
after  entering  the  cardiac  orifice  of  the  stomach,  is  first  carried  to 
the  lefl^  into  the  great  pouch  of  the  organ,  thence  downward  and 
along  the  great  cu  rvature  to  the  pyloric  portion.  At  a  short  distance 
from  the  pylorus,  Dr.  B.  often  found  a  circular  constriction  of  the 
gastric  parietes,  by  which  the  bulb  of  the  thermometer  was  gently 
grasped  and  drawn  toward  the  pylorus,  at  the  same  time  giving  a 
twisting  motion  to  the  stem  of  the  instrument,  by  which  it  was 
rotated  in  his  fingers.  In  a  moment  or  two,  however,  this  constric- 
tion was  relaxed,  and  the  bulb  of  the  thermometer  again  released, 
and  carried  together  with  the  food  along  the  small  curvature  of 
the  organ  to  its  cardiac  extremity.  This  circuit  was  repeated  so 
long  as  any  food  remained  in  the  stomach ;  but,  as  the  liquefied 
portions  were  successively  removed  toward  the  end  of  digestion,  it 
became  less  active,  and  at  last  ceased  altogether  when  the  stomach 
had  become  completely  empty,  and  the  organ  returned  to  its  ordi- 
nary quiescent  condition. 

It  is  easy  to  observe  the  muscular  action  of  the  stomach  during 
digestion  in  the  dog,  by  the  assistance  of  a  gastric  fistula,  artificially 
established.    If  a  metallic  catheter  be  introduced  through  the  fistula 
"when  the  stomach  is  empty,  it  must  usually  be  held  carefully  in 
place,  or  it  will  fall  out  by  its  own  weight.    But  immediately  upon 
the  introduction  of  food,  it  can  be  felt  that  the  catheter  is  grasped 
«nd  retained  with  some  force,  by  the  contraction  of  the  muscular 
«oat.    A  twisting  or  rotatory  motion  of  its  extremity  may  also  be 
:firequently  observed,  similar  to  that  described  by  Dr.  Beaumont. 
This  peristaltic  action  of  the  stomach,  however,  is  a  gentle  one. 
and  not  at  all  active  or  violent  in  character.    We  have  never  seen, 
in  opening  the  abdomen,  any  such  energetic  or  extensive  contrac. 
tions  of  the  stomach,  even  when  full  of  food,  as  may  be  easily 
excited  in  the  small  intestine  by  the  mere  contact  of  the  atmosphere, 
or  by  pinching  them  with  the  blades  of  a  forceps.     This  action  of 
the  stomach,  nevertheless,  though  quite  gentle,  is  sufficient  to  pro- 
duce a  constant  churning  movement  of  the  masticated  food,  by 
which  it  is  carried  back  and  forward  to  every  part  of  the  stomach, 
and  rapidly  incorporated  with  the  gastric  juice  which  is  at  the 
same  time  poured  out  by  the  mucous  membrane;  so  that  the 
digestive  fluid  is  made  to  penetrate  equally  every  part  of  the  ali- 
mentary mass,  and  the  digestion  of  all  its  albuminous  ingredients 
goes  on  simultaneously.    This  gentle  and  continuous  movement  of 
the  stomach  is  one  which  cannot  be  successfully  imitated  in  experi- 
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ments  on  artificial  digestion  Tvith  gastric  juice  in  test-tubes;  and 
consequently  tbe  process,  under  these  circumstances,  is  never  so 
rapid  or  so  complete  as  when  it  takes  place  iu  the  interior  of  the 
Btomuch. 

The  length  of  time  which  is  required  for  digestion  varies  in 
different  species  of  animals.  In  the  carnivora,  a  moderate  meal  of 
fresh  uncooked  meat  requires  from  nine  to  twelve  hours  for  its 
complete  solution  and  disappearance  from  the  stomach.  According 
to  Dr.  Beaumont,  the  average  time  recjuirec.1  for  digestion  in  the 
human  subject  is  considerably  less ;  varying  from  one  hour  to  five 
hours  and  a  half,  according  to  the  kind  of  food  employed.  This 
is  probably  owing  to  the  more  complete  mastication  of  the  foot! 
wliich  lakes  place  in  man,  than  in  the  carnivorous  animals.  By 
examining  the  contents  of  the  stomach  at  various  intervals  after 
feeding,  Dr.  Beaumont  made  out  a  list,  showing  the  comparative 
digestibility  of  dilYerent  articles  of  food,  of  which  the  following  are 
the  moat  important : — 

Time  required  for  digestion,  according  to  Dr.  Beaumont : — 

KisD  OP  Food.  Hocbk.  Mimttes. 

Pig's  feet 1  00 

Trip* 1  00 

Troat  (broile.) ) I  30 

y«iniBon  Bteak      ........  I  35 

Milk  (boiled) 2  00 

Roasted  tarkey 2  30 

"         beef 3  00 

"         mntton 3  15 

Veal  (bTOk'4) 4  OO 

Salt  beef  (boilwi) 4  15 

Ro&sted  pork       ........  5  IS 

The  coinpurative  digestibility  of  different  substances  varies  more 
or  less  in  different  individuals  according  to  temperament;  but  the 
above  list  undoubtedly  gives  a  correct  average  estimate  of  tbe  time 
required  ibr  stomach  digestion  uodcr  ordinary  conditions. 

A  very  interesting  question  is  that  which   relates   to  the  tutai 
qtianlifi/  of  gastric  juice  secreted  dailj-.     Whenever  direct  experi-  fl 
ments  have  been  performed  with  a  view  of  ascertaining  this  point*  ™ 
their  results  have  given  a  considerably  larger  quantity  than  was 
anticipated.     Bidder  and  Schmidt  found  that,  in  a  dog  weighing 
S-i  pounds,  they  were  able  to  obtain  by  separate  experiments,  con-  h 
euming  in  all  12  hours,  one  pound  and  three-quarters  of  gastric  fl 
juice.    The  total  quantity,  therefore,  for  24  hours,  in  the  same  ani- 
mal, would  be  3 J  pounds;  and,  by  applying  the  same  calculation  to 
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n  man  of  medium  size,  the  authors  estimate  the  total  daily  quantity 
io  the  human  subject  as  but  little  less  than  14  pounds  (av.).  This 
estimate  is  probably  not  an  exaggerated  one.  Schmidt,*  in  his 
experiments  on  the  gastric  fistula  of  the  human  subject  already 
alluded  to,  found  the  secretion  of  gastric  juice  even  more  abundant 
than  the  above ;  since,  in  a  woman  weighing  only  117  pounds,  he 
obtained,  as  the  mean  result  of  several  observations,  over  one  pound 
of  gastric  juice  from  the  fistula  in  the  course  of  an  hour. 

Owing,  however,  to  the  great  variation  in  the  secretion  of  the 
gastric  juice  at  different  times,  according  to  the  activity  of  diges- 
tion, we  have  endeavored  to  determine  the  question  of  its  total 
daily  quantity  in  a  different  manner,  by  experimenting  as  follows 
with  the  gastric  juice  of  the  dog. 

It  was  first  ascertained,  by  direct  experiment,  that  the  fresh 
lean  meat  of  the  bullock's  heart  loses,  by  complete  desiccation, 
78  per  cent,  of  its  weight.  300  grains  of  such  meat,  cut  into  small 
pieces,  were  then  digested  for  ten  hours,  in  .liss  of  gastric  juice  at 
100**  F.;  the  mixture  being  thoroughly  agitated  as  oflen  as  every 
hour,  in  order  to  insure  the  digestion  of  as  large  a  quantity  of  meat 
as  possible.  The  meat  remaining  undissolved  was  then  collected 
on  a  previously  weighed  filter,  and  evaporated  to  dryness.  The 
dry  residue  weighed  55  grains.  This  represented,  allowing  for  the 
loss  by  evaporation,  250  grains  of  the  meat,  in  its  natural  moist 
condition ;  50  grains  of  meat  were  then  dissolved  by  3isa  of  gastric 
juice,  or  33^  grains  per  ounce. 

From  these  data  we  can  form  some  idea  of  the  large  quantity  of 
gastric  juice  secreted  in  the  dog  during  the  process  of  digestion. 
One  pound  of  meat  is  only  a  moderate  meal  for  a  medium-sized 
animal,  and  the  same  amount,  beside  other  articles  of  food,  is 
often  taken  by  the  human  subject  in  the  course  of  a  day; — and 
yet,  to  dissolve  this  quantity,  no  less  than  thirteen  pints  of  gastric 
juice  will  be  necessary.  This  quantity,  or  any  approximation  to 
it,  would  be  altogether  incredible  if  we  did  not  recollect  that  the 
gastric  juice,  as  soon  as  it  has  dissolved  its  quota  of  food,  is  im- 
mediately reahsorbed,  and  again  enters  the  circulation,  together 
with  the  alimentary  substances  which  it  holds  in  solution.  The 
secretion  and  reabsorption  of  the  gastric  juice  then  go  on  simulta- 
neously, and  the  fluids  which  the  blood  loses  by  one  process  aro 
incessantly  restored  to  it  by  the  other.    A  very  large  quantity, 

'  Aanalen  der  Chemie  und  Pharmacie,  1854,  p.  42. 
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tUerelbro,  of  tlie  secrolion  may  be  poured  out  during  the  digestion 
of  a  meal,  at  an  expense  to  tlie  blood,  at  any  one  time,  of  only  two 
or  three  ouncea  of  fluid.  The  simplest  investigation  showii  that 
the  gastric  juice  does  not  accumulate  in  the  stomach  in  any  con- 
siderable quimtity  during  digestion ;  but  that  it  is  gradually 
secreted  so  long  as  any  food  remains  undissolved,  each  portion,  as 
it  is  digested,  being  disposed  of  by  reabsorption,  together  with  its 
solvent  fluid.     There  is  accordingl}*,  during  digestion,  a  constant 

rculation  of  the  digestive  fluids  from  the  bloodvessels  to  the  ali- 
itary  canal,  and  from  the  alimentary  canal  back  again  to  the 
bloodvessels. 

That  this  circulation  really  tivkes  place  is  proved  by  the  fol- 
lowing facts:  First,  if  a  dog  be  killed  some  hours  after  feeding, 
there  is  never  more  than  a  very  small  quantity  of  fluid  found  in 
the  stomach,  just  sufficient  to  smear  over  and  penetrate  the  half 
digested  pieces  of  meat;  and,  secondly,  in  the  living  animal,  gastric 
juice,  drawn  from  the  fistula  five  or  six  hours  after  digestion  has 
been  going  on,  contains  little  or  no  more  organic  matter  in  solution 
than  that  extracted  liftecn  to  thirty  minutes  after  the  introduction 
of  food.  It  has  evidently  been  freshly  secreted ;  and,  in  order  to 
ol>tain  gastric  juice  saturatetl  with  alimentary  matter,  it  must  be 
artificially  digested  with  food  in  test-tubes,  where  this  constant  ab- 
sorption and  renovation  cannot  take  place. 

An  unnecessary  difficulty  has  sometimes  been  felt  in  understand- 
ing how  it  is  that  the  gastric  juice,  which  digests  so  readily  all  albu- 
minous substances,  sliould  not  destroy  the  walls  of  the  stomach 
itself,  which  are  couiposed  of  similar  materials.  This,  in  fact,  was 
brought  forward  at  an  early  day,  as  an  iiisujicrable  objection  to  the 
doctrine  of  lleaumur  and  Spallanzani,  thai  digestion  was  a  priwess 
of  chemical  solution  performed  by  a  digestive  fluid.  It  was  said 
to  be  impossible  that  a  fluid  capable  of  dissolving  animal  matters 
should  be  secreted  by  the  walls  of  the  stomach  without  attacking 
thetn  also,  and  thus  destroying  the  organ  by  which  it  was  itself 
produced.  Since  that  time,  various  complicated  hypothe.'^ea  have 
been  framed,  in  order  to  reconcile  these  apparently  contradictory 
facts.  The  true  explanation,  however,  as  we  believe,  lies  in  this — 
that  the  process  of  digestion  is  not  a  simple  solution,  but  a  catalytic 
transformation  of  the  alimentary  substances,  produced  by  contact 
with  the  pepsiiie  of  tlie  gastric  juice.  We  know  that  all  the  or- 
ganic substances  iu  the  living  tissues  are  constantly  undergoing,  in 
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the  process  of  nutrition,  a  series  of  catalytic  changes,  which  are 
characteristic  of  the  vital  operations,  and  which  are  determined  by 
the  organized  materials  with  which  they  are  in  contact,  and  by  all 
the  other  conditions  present  in  the  living  organism.  These  changes, 
therefore,  of  nutritioD,  secretion,  &c.,  necessarily  exclude  for  the 
time  all  other  catalyses,  and  take  precedence  of  them.  In  the  same 
way,  any  dead  organic  matter,  exposed  to  warmth,  air,  and  moist- 
ure, putrefies;  but  if  immersed  in  gastric  juice,  at  the  same 
temperature,  the  putrefactive  changes  are  stopped  or  altogether 
prevented,  because  the  catalytic  actions,  excited  by  the  gastric 
juice,  take  precedence  of  those  which  constitute  putrefaction.  For 
a  similar  reason  the  organic  ingredient  of  the  gastric  juice,  which 
acts  readily  on  dead  animal  matter,  has  no  effect  on  the  living 
tissues  of  the  stomach,  because  they  are  already  subject  to  other 
catalytic  influences,  which  exclude  those  of  digestion,  as  well  as 
those  of  putrefaction.  As  soon  as  life  departs,  however,  and  the 
peculiar  actions  taking  place  in  the  living  tissues  come  to  an  end 
with  the  stoppage  of  the  circulation,  the  walls  of  the  stomach  are 
really  attacked  by  the  gastric  juice  remaining  in  its  cavity,  and 
are  more  or  less  completely  digested  and  liquefied.  In  the  human 
subject,  it  is  rare  to  make  an  examination  of  the  body  twenty-four 
or  thirty-six  hours  after  death,  without  finding  the  mucous  mem- 
brane of  the  great  pouch  of  the  stomach  more  or  less  softened  and 
disintegrated  from  this  cause.  Sometimes  the  mucous  mem'brune 
is  altogether  destroyed,  and  the  submucous  cellular  layer  exposed  ; 
and  occasionally,  when  death  has  taken  place  suddenly  during 
active  digestion,  while  the  stomach  contained  an  abundance  of 
gastric  juice,- all  the  coats  of  the  organ  have  been  found  destroyed, 
and  a  perforation  produced  leading  into  the  peritoneal  cavity. 
These  post-mortem  changes  show  that,  aft«r  death,  the  gastric  juice 
really  dissolves  the  coats  of  the  stomach  without  difficulty.  But 
daring  life,  the  chemical  changes  of  nutrition,  which  are  going  on 
in  their  tissues,  protect  them  from  its  influence,  and  effectually 
preserve  their  integrity. 

The  secretion  of  the  gastric  juice  is  much  influenced  by  nervous 
conditions.  It  was  noticed  by  Dr.  Beaumont,  in  his  experiments 
upon  St.  Martin,  that  irritation  of  the  temper,  and  other  moral 
causes,  would  frequently  diminish  or  altogether  suspend  the  supply 
of  the  gastric  fluids.  Any  febrile  action  in  the  system  or  any 
unusual  fatigue,  was  liable  to  exert  a  similar  effect.  Every  one  is 
aware  how  readily  any  mental  disturbance,  such  as  anxiety,  anger. 
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or  vexation,  will  take  away  tbe  appetite  and  interfere  with  diges- 
tion. Any  nervous  impression  of  this  kind,  occurring  at  tbe  com- 
mencemnU  of  digestion,  seems  moreover  to  produce  some  change 
which  has  a  lasting  effect  upon  the  process;  for  it  is  very  often 
noticed  that  when  any  annoyance,  hurry,  or  anxiety  occurs  soon 
after  tbe  food  has  been  taken,  though  it  may  last  only  for  a  few 
moments,  tbe  digestive  jirocess  is  not  only  liable  to  be  suspended 
for  the  time,  but  to  be  permanently  disturbed  during  the  entire 
day.  In  order  that  digestion,  therefore,  may  go  on  properly  in  the 
stomach,  food  must  be  taken  only  when  the  appetite  demands  it; 
St  should  also  be  thoroughly  masticated  at  the  outset ;  and,  finally, 
both  mind  and  body,  particularly  during  the  commencement  of  the 
process,  should  be  free  from  any  unusual  or  disagreeable  excite- 
ment. 

Intestinal  Juices,  and  the  Digestion  of  Sugar  and  Starch. 
— From  the  stomach,  those  portions  of  the  I'ood  which  have  not 
already  suffered  digestion  pass  into  the  third  division  of  the  ali- 
mcntiiry  canal,  viz.,  the  small  intestine.  As  already  mentioned,  it 
is  only  the  albuminous  matters  which  are  digested  in  the  stomach. 
Cane  sugar,  it  is  true,  is  slowly  converted  by  the  gastric  juice,  out- 
side the  body,  into  gluco.se.  We  have  found  that  ten  grains  of 
cane  sugar,  dissolved  in  3ss  of  gastric  juice,  give  traces  of  glucoee 
at  the  end  of  two  hours;  and  in  throe  hours,  the  quantity  of  this 
sub.stance  is  considerable.  It  cannot  be  shown,  however,  that  the 
gastric  juice  exerts  this  effect  on  sugar  during  ordinary  digestion. 
If  pure  cane  sugar  be  given  to  a  dog  with  a  gastric  fistula,  while 
digestion  of  meat  is  going  on,  it  disappears  in  from  two  to  three 
hours,  without  any  glucose  being  detected  in  the  fiuids  withdrawn 
from  the  stomach.  It  is,  therefore,  either  directly  absorbed  under 
the  form  of  cane  sugar,  or  passes,  little  by  little,  into  the  duodenum, 
where  the  intestinal  fluids  at  once  convert  it  into  glucose. 

It  is  equally  certain  that  starchy  matters  are  not  digested  in  the 
stomach,  but  pass  unchanged  into  the  small  intestine.  Here  they 
meet  with  the  mixed  intestinal  fluids,  wiiich  act  at  once  upon  the 
.starch,  and  convert  it  rapidly  into  sugar.  The  intestinal  fluids^ 
taken  from  the  duodenum  of  a  recently  kille<l  dog,  exert  this 
transforming  action  upon  starch  with  the  greatest  promptitude,  if 
mixed  with  it  in  a  test-tube,  and  kept  at  the  temperature  of  100°  F. 
Starch  is  converted  into  sugar  by  this  means  much  more  rapidly 
and  certainly  than  by  the  saliva ;  and  experiment  shows  that  the 
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intestinal  fluids  are  the  active  agents  in  its  digestion  during  life. 
If  a  dog  be  fed  with  a  mixture  of  meat  and  boiled  starch,  and  killed 
a  short  time  after  the  meal,  the  stomach  is  found  to  contain  starch 
but  no  sugar ;  while  in  the  small  intestine  there  is  an  abundance  of 
sugar,  and  but  little  or  no  starch.    If  some  observers  have  failed 
to  detect  sugar  in  the  intestine  after  feeding  the  animal  with 
starch,  it  is  because  they  have  delayed  the  examination  until  too 
late.     For  it  is  remarkable  how  rapidly  starchy  substances,  if  pre- 
viously disintegrated  by  boiling,  are  disposed  of  in  the  digestive 
process.    If  a  dog,  for  example,  be  fed  as  above  with  boiled  starch 
and  meaty  while  some  of  the  meat  remains  in  the  stomach  for 
eigbt,  nine,  or  ten  horn's,  the  starch  begins  immediately  to  pass  into 
the  intestine,  where  it  is  at  once  converted  into  sugar,  and  then  as 
rapidly  absorbed.    The  whole  of  the  starch  may  be  converted  into 
sugar,  and  completely  absorbed,  in  an  hour's  time.     We  have  even 
found,  at  the  end  of  three-quarters  of  an  hour,  after  a  tolerably 
full  meal  of  boiled  starch  and  meat,  that  all  trace  of  both  starch 
and  sugar  had  disappeared  from  both  stomach  and  intestine.    The 
rapidity  with  which  this  passage  of  the  starch  into  the  duodenum 
takes  place  varies,  to  some 
extent,  in  different  animals,  ^^8-  82. 

according  to  the  general  ac- 
tivity of  the  digestive  appa- 
ratus; but  it  is  always  a 
comparatively  rapid  process, 
when  the  starch  is  already 
liquefied  and  is  administered 
in  a  pure  form.  There  can 
be  no  doubt  that  the  natural 
place  for  the  digestion  of 
starchy  matters  is  the  small 
intestine,  and  that  it  is  ac- 
complished by  the  action  of 
the  intestinal  juices. 

Our  knowledge  is  not  very 
complete  with  regard  to  the 
exact  nature  of  the  fluids  by  which  this  digestion  of  the  starch  is 
accomplished.  The  juices  taken  from  the  duotienum  are  generally 
a  mixture  of  three  different  secretions,  viz.,  the  bile,  the  pancreatic 
fluid,  and  the  intestinal  juice  proper.  Of  these,  the  bile  may  be 
left  out  of  the  question ;  since  it  does  not,  when  in  a  pure  state, 
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exert  any  digestive  action  on  starch.  The  pancreatic  juice,  on" 
other  haml,  has  the  property  of  converting  starcli  into  sugar;  but 
it  la  not  known  whether  this  fluid  be  always  present  in  the  duode- 
num. The  true  tnicstinal  Juice  is  the  product  of  two  sets  of  glau- 
ilnlar  organs,  seated  in  the  substance  of  or  beneath  the  mueous 
membrane,  viz.,  the  follicles  of  Lieberkiihn  and  the  glands  of  Brun- 
ner.  The  first  of  these,  or  LieberkUhu's  follicles  CFig.  32),  are  the 
most  numerous.  They  are  simple,  nearly  straigtti  tubules,  lined 
with  a  continuation  of  the  intestinal  epithelium,  and  somewhat 
similar  in  their  appearance  to  the  follicles  of  the  pyloric  portion  of 
the  stomach.  They  occupy  the  whole  thickness  of  the  mucous 
membrane,  and  are  found  in  great  numbers  throughout  the  entire 
length  oi'  the  small  and  large  intestine. 

The  glands  of  Brunner  (Fig.  33),  or  the  duodenal  glandula?,  as 
they  are  sometimes  called,  are  confined  to  the  upper  part  of  the  duo- 
denum, where  they  exist  as  a 
^'s-  ^8-  closely  set  la3'er,  in  the  deeper 

portion  of  the  mucous  mem- 
brane, extending  downward  a 
short  distance  from  the  pylo- 
rus. They  are  composed  of 
a  great  number  of  rounded 
follicles,  clustered  round  a 
central  excretory  duct.  Each 
follicle  consists  of  a  delicate 
membranous  wall,  lined  with 
glandular  epithelium,  and 
covered  on  its  surface  with 
small,  distinctly  marked  niv- 
clei.  The  follicles  collecte<i 
around  each  duct  are  boun<l 
together  by  a  thin  layer  of 
areolar  tissue,  and  covered  with  a  plexus  of  capillary  bloodvessels. 
The  intestinal  juice,  which  is  the  secreted  product  of  the  above 
glandul.ir  organs.  Ikis  been  less  successfijlly  studied  than  the  other 
digestive  fluids,  owing  to  the  dillicuky  of  obtaining  it  in  a  pure 
state,  The  method  usually  adojited  ha.s  been  to  make  an  opening 
in  the  abdomen  of  the  living  animal,  take  out  a  loop  of  intestine, 
empty  it  by  gentle  pressure,  and  then  to  shut  ofl"  a  portion  of  it 
from  the  rest  of  the  intestinal  cavity  by  a  couple  of  ligatures, 
situated  six  or  eight  inches  apart;  after  w^hich  the  loop  is  returned 
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into  the  abdomen,  and  the  external  wound  closed  by  sutures 
After  six  or  eight  hours  the  animal  is  killed,  and  the  fluid,  which 
has  collected  in  the  isolated  portion  of  intestine,  taken  out  and 
examined.  The  above  was  the  method  adopted  by  Frerichs.  Bid- 
der and  Schmidt,  in  order  to  obtain  pure  intestinal  juice,  first  tied 
the  biliary  and  pancreatic  ducts,  so  that  both  the  bile  and  the  pan- 
creatic juice  should  be  shut  out  from  the  intestine,  and  then  estab- 
lished an  intestinal  fistula  below,  from  which  they  extracted  the 
fluids  which  accumulated  in  the  cavity  of  the,  gut.  From  the  great 
abundance  of  the  follicles  of  Lieberkiihn,  we  should  expect  to  find 
the  intestinal  juice  secreted  in  large  quantity.  It  appears,  however, 
in  point  of  fact,  to  be  quite  scanty,  as  the  quantity  collected  in  the 
above  manner  by  experimenters  has  rarely  been  sufficient  for  a 
thorough  examination  of  its  properties.  It  seems  to  resemble  very 
closely,  in  its  physical  characters,  the  secretion  of  the  mucous  folli- 
cles of  the  mouth.  It  is  colorless  and  glassy  in  appearance,  viscid 
and  mucous  in  consistency,  and  has  a  distinct  alkaline  reaction. 
It  has  the  property  when  pure,  as  well  as  when  mixed  with  other 
secretions,  of  rapidly  converting  starch  into  sugar,  at  the  tempera- 
ture of  the  living  body. 

Pancreatic  Juice,  and  the  Digestion  op  Fat. — The  only  re- 
maining ingredients  of  the  food  that  require  digestion  are  the  oily 
matters.    These  are  not  affected,  as  we  have  already  stated,  by  con- 
tact with  the  gastric  juice ;  and  examination  shows,  furthermore, 
that  they  are  not  digested  in  the  stomach.    So  long  as  they  remain 
in  the  cavity  of  this  organ  they  are  unchanged  in  their  essential 
properties.    They  are  merely  melted  by  the  warmth  of  the  stomach, 
and  set  free  by  the  solution  of  the  vesicles,  fibres,  or  capillary  tubes 
in  which  they  are  contained,  or  among  which  they  are  entangled ; 
and  are  still  readily  discernible  by  the  eye,  floating  in  larger  or 
Smaller  drops  on  the  surface  of  the  semi-fluid  alimentary  mass. 
Very  soon,  however,  after  its  entrance  into  the  intestine,  the  oily 
portion  of  the  food  loses  its  characteristic  appearance,  and  is  con- 
verted into  a  white,  opaque  emulsion,  which  is  gradually  absorbed. 
This  emulsion  is  termed  the  chyle,  and  is  always  found  in  the  small 
intestine  during  the  digestion  of  fat,  entangled  among  the  valvular 
conniventes,  and  adhering  to  the  surface  of  the  villi.    The  digestion 
of  the  oil.  however,  and  its  conversion  into  chyle,  does  not  take 
place  at  once  upon  its  entrance  into  the  duodenum,  but  only  after 
it  has  passed  the  orifices  of  the  pancreatic  and  biliary  ducts.    Since 
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these  ducts  almost  invariably  open  into  the  intestine  at  or  near  the 
same  point,  it  was  for  a  long  time  difficult  to  deciile  by  which  of 
the  two  secretions  the  digestion  of  the  oil  was  accomplished.  M. 
Bernard,  however,  first  threw  some  light  on  this  question  by  ex- 
piirimenting  on  some  of  the  lower  animals,  in  which  the  two  ducts 
open  separately.  In  the  rabbit,  for  example,  the  biliary  duct  opens 
as  usual  just  below  the  pylorus,  while  the  pancreatic  duct  com- 
municatea  with  the  intestine  some  eight  or  ten  inches  lower  down. 
Bernard  fed  these  animals  with  substances  containing  oil,  or  in- 
jected melted  butter  into  the  stomach;  and,  on  killing  them  after- 
ward, found  that  there  was  no  chyle  in  the  intestine  between  the 
opening  of  the  biliary  and  pancreatic  ducts,  but  that  it  was  abun- 
dant immediately  below  the  orifice  of  the  latter.  Above  this  pointy 
also,  he  found  the  hicteals  empty  or  transparent,  while  below  it 
they  were  full  of  white  and  opaque  chyle.  The  result  of  these  ex- 
periments, which  have  since  been  confirmed  by  Prof.  Samuel  Jack- 
son, of  Philadelphia,"  led  to  the  conclusion  that  the  pancreatic  fluid 
is  the  active  ageut  in  the  digestion  of  oily  substances;  and  an  ex- 
amination of  the  properties  of  this  secretion,  when  obtained  in  a 
pure  state  from  the  living  animal,  fully  confirms  the  above  opinion. 

In  order  to  obtain  pancreatic  juice  from  the  dog,  the  animal 
must  be  etherized,  an  incision  made  in  the  upper  part  of  the  abdo- 
men, a  little  to  the  right  of  the  median  line,  and  a  loop  of  the  duo- 
denum, together  with  the  lower  extremity  of  the  pancreas  which 
lies  adjacent  to  it,  drawn  out  at  the  external  wound.  The  pancre- 
atic duct  is  then  to  be  exposed  and  opened,  and  a  small  silver 
canula  inserted  into  it  and  secured  by  a  ligature.  The  whole  is 
then  returned  into  the  abdomen  and  the  wound  closed  by  sutures, 

iving  only  the  end  of  the  canula  projecting  from  it.  In  the  dog 
"^iliere  are  two  pancreatic  ducts,  situated  from  half  an  inch  to  an 
inch  apart.  The  lower  one  of  these,  which  is  usually  the  larger 
of  the  two,  is  the  one  best  adapted  for  the  insertion  of  the  canula. 
When  the  effects  of  etherization  have  passed  off,  the  animal  may  be 
fed,  and  soon  after  the  digestive  process  has  commenced,  the  pan- 
creatic juice  begins  to  run  from  the  orifice  of  the  canula,  at  first 
very  slowly  and  in  drops.  Sometimes  the  drops  follow  each  other 
with  rapidity  for  a  few  moments,  and  then  an  interval  occurs  during 
which  the  secretion  seems  entirely  suspended.  After  a  time  it  re- 
commences, and  continues  to  exhibit  similar  fluctuations  during 
the  whole  course  of  the  experiment.  Its  flow,  however,  is  at  all 
times  scanty,  compared  with  that  of  the  gastric  juice ;  and  wc  have 
*  AmcrioftD  Journ.  Med.  Sci.,  Oct.  It}64. 
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never  been  able  to  collect  more  than  a  little  over  two  fluidounces 
and  a  half  during  a  period  of  three  hours,  in  a  dog  weighing  not 
more  than  forty-five  pounds.  This  is  equivalent  to  about  364 
grains  per  hour ;  but  as  the  pancreatic  juice  in  the  dog  is  secreted 
with  freedom  only  during  digestion,  and  as  this  process  is  in  opera- 
tion not  more  than  twelve  hours  out  of  the  twenty -four,  the  entire 
amount  of  the  secretion  for  the  whole  day,  in  the  dog,  may  be  esti- 
mated at  4,368  grains.  This  result,  applied  to  a  man  weighing  140 
pounds,  would  give,  as  the  total  daily  quantity  of  the  pancreatic 
juice,  about  13,104  grains,  or  1.872  pounds  avoirdupois. 

Pancreatic  juice  obtained  by  the  above  process  is  a  clear,  color- 
less, somewhat  viscid  fluid,  with  a  specific  gravity  of  1008  or  1010, 
and  a  distinctly  alkaline  reaction.  Its  composition,  according  to 
the  analysis  of  Bidder  and  Schmidt,  is  as  follows :  — 

Ck>MP08iTioN  OP  Pakcbeatic  Jdicb. 

W»ter 900.76 

Organic  matter  (panoreatine) 90.38 

Chloride  of  sodiam 7.36 

Free  soda 0.32 

Phosphate  of  soda 0.45 

Salphate  of  soda 0.10 

Balphate  of  potassa 0.02 

ILime 0.54 

Magnesia 0.05 

Oxide  of  iron 0.02 

1000.00 
The  most  important  ingredient  of  the  pancreatic  juice  is  its 
organic  matter,  or  pancreatine.  It  will  be  seen  that  this  is  much 
more  abundant  in  proportion  to  the  other  ingredients  of  the  secre- 
tion than  the  organic  matter  of  any  other  digestive  fluid.  It  is 
ooagulable  by  heat ;  and  the  pancreatic  juice  often  solidifies  com- 
pletely on  boiling,  like  white  of  egg,  so  that  not  a  drop  of  fluid  re- 
mains after  its  coagulation.  It  is  precipitated,  furthermore,  by 
nitric  acid  and  by  alcohol,  and  also  by  sulphate  of  magnesia  in 
excess.  After  being  precipitated  by  alcohol,  the  coagulated  mat- 
ter may  be  re-dissolved  in  water  and  thus  regain  all  the  original 
properties  of  panoreatine.  By  the  last  two  characters,  accordingly, 
it  may  be  distinguished  from  albumen,  which  is  not  affected  by 
salphate  of  magnesia,  and  which  is  not  soluble  in  water  after  being 
once  precipitated  by  alcohol. 

Fresh  pancreatic  juice,  brought  into  contact  with  oily  matters  at 
the  temperature  of  the  body,  exerts  upon  them,  as  was  first  noticed 
by  Bernard,  a  marked  effect.    It  disintegrates  them,  and  reduces 


lU 


DIGESTION. 


them  to  a  state  of  complete  emulsion,  so  tbat  the  mixture  is  at 
once  converted  into  a  white,  opaqae,  creamy-looking  fluid.  This 
effect  is  instantaneous  and  permanent,  and  only  requires  that  the 
two  substances  be  well  mixed  by  gentle  agitation.  It  is  singular 
that  some  of  the  German  observers  should  deny  that  the  pancreatic 
juice  possesses  the  property  of  emulsloning  fat,  to  a  greater  extent 
than  the  bile  and  some  other  digestive  fluids  ;  and  should  state  that 
although,  when  shaken  up  with  oil,  outside  the  body,  it  retluces 
the  oily  particles  to  a  state  of  extreme  minuteness,  the  emulsion 
is  not  permanent,  and  the  oily  particles  "soon  separate  again  on 
the  surface."'  We  have  frequently  repeated  this  experiment  w^ith 
difiTereut  specimens  of  pancreatic  juice  obtained  from  the  dog.  and 
have  never  failed  to  see  that  the  emulsion  produced  by  it  is  by 
far  more  prompt  and  complete  than  that  which  takes  place  with 
saliva,  gastric  juice,  or  bile.  The  ettect  produced  by  these  fluids 
in  fact  altogether  insignificant,  in  comparison  with  the  prompt  and 
energetic  action  exerted  by  the  pancreatic  juice.  The  emulsion 
proiluced  with  the  latter  secretion  may  be  kept,  furthermore,  for  a 
least  twenty-four  hours,  according  to  our  observations,  without  ariv 
appreciable  separation  of  the  oily  particles,  or  a  return  to  thei 
original  condition. 

The  pancreatic  juice,  therefore,  is  peculiar  in  its  action  on  oilv 
substances,  and  reduces  them  at  once  to  the  condition  of  an  emul 
sion.     The  oil,  in  this  process,  does  not  sufter  any  chemical  altera 
tion.     It  ia  not  decomposed  or  saponified,  to  any  appreciable  extent 
It  ia  simply  emiilsinned ;  that  is.  it  ia  broken  up  into  a  state  of  minu 
subdivision,  and  retained  in  suspension,  by  contact  with  the  organi 
matter  of  the  pancreatic  juice.     That  its  chemical  condition  is  nol 
altered  is  shown  by  the  fact  tliat  it  is  still  .soluble  in  ether,  whiclti- 
will  withdraw  the  greater  part  of  the  fat  from  a  mixture  of  oil  and— 
pancreatic  juice,  as  well  as  from  the  chyle  in  the  interior  of  thi^- 
intestine.     In  a  state  of  emulsion,  the  fat,  furthermore,  is  capabltjr 
of  being  absorbed,  and  its  digestion  may  be  then  said  to  be  accom- 
plished. 

We  find,  then,  that  the  digestion  of  the  food  is  not  a  simplt? 
operation,  but  is  made  up  of  several  different  processes,  which 
commence  successively  in  diflferent  portions  of  the  alimcniarr 
canal.  In  the  first  place,  the  food  is  subjected  in  the  mouth  to  the 
physical  operations  of  ma.stication  and  insalivation.  Keducefl  to  a 
B(jl\  ]>ulp  and  mixed  abundantly  with  the  saliva,  it  passes,  secondly, 
into  the  stomach.     Here  it  excites  the  secretion  of  the  gastric  juice^ 
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}fj  the  inflaence  of  which  its  chemical  transformation  and  solution 
are  commenced.  If  the  meal  consist  wholly  or  partially  of  mus- 
calar  flesh,  the  first  effect  of  the  gastric  juice  is  to  dissolve  the 
iDterrening  cellular  substance,  by  which  the  tissue  is  disintegrated 
and  the  muscular  fibres  separated  from  each  other.  Afterward 
Ihe  muscular  fibres  themselves  become  swollen  and  softened  by 
'^e  imbibition  of  the  gastric  fluid,  and  are  finally  disintegrated 
»nd  liquefied.  In  the  small  intestine,  the  pancreatic  and  intestinal 
juices  convert  the  starchy  ingredients  of  the  food  into  sugar,  and 
break  up  the  fatty  matters  into  a  fine  emulsion,  by  which  they  are 
x>nverted  into  chyle. 

Although  the  separate  actions  of  these  digestive  fluids,  however, 
sommence  at  different  points  of  the  alimentary  canal,  they  after- 
vrard  go  on  simultaneously  in  the  small  intestine ;  and  the  changes 
which  take  place  here,  and  which  constitute  the  process  of  intestinal 
digestion,  form  at  the  same  time  one  of  the  most  complicated,  and 
one  of  the  most  important  parts  of  the  wholQ  digestive  function. 

The  phenomena  of  intestinal  digestion  may  be  studied,  in  the 
dog,  by  killing  the  animal  at  various  periods  aft»r  feeding,  and 
examining  the  contents  of  the  intestine.  We  have  also  succeeded, 
by  establishing  in  the  same  animal  an  artificial  intestinal  fistula, 
in  gaining  still  more  satisfactory  information  on  this  point.  The 
fistula  may  be  established,  for  this  purpose,  by  an  operation  precisely 
similar  to  that  already  described  as  employed  for  the  production  of 
a  permanent  fistula  in  the  stomach.  The  silver  tube  having  been 
introduced  into  the  lower  part  of  the  duodenum,  the  wound  is 
allowed  to  heal,  and  the  intestinal  secretions  may  then  be  with- 
drawn at  will,  and  subjected  to  examination  at  different  periods 
during  digestion. 

By  examining  in  this  way,  from  time  to  time,  the  intestinal 
flaids,  it  at  once  becomes  manifest  that  the  action  of  the  gastric 
juice,  in  the  digestion  of  albuminoid  substances,  is  not  confined  to 
the  stomach,  but  continues  aft^r  the  food  has  passed  into  the  intes- 
tine. About  half  an  hour  after  the  ingestion  of  a  meal,  the  gastric 
juice  begins  to  pass  into  the  duodenum,  where  it  may  be  recognized 
by  its  strongly-marked  acidity,  and  by  its  peculiar  action,  already 
described,  in  interfering  with  Trommer's  test  for  grape  sugar.  It 
has  accordingly  already  dissolved  some  of  the  ingredients  of  the 
food  while  still  in  the  stomach,  and  contains  a  certain  quantity  of 
albnminose  in  solution.    It  soon  afterward,  as  it  continues  to  pass 

into  the  duodenum,  becomes  mingled  with  the  debris  of  muscular 
10 
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fibres,  fat  vesicles,  and   oil   drops;    substances  which   are  easilj 
recognizable  under  the  microscope,  and  which  produce  a  grayi^ih 

turbidity  in  the  fluid  drawn 
from  the  fistula.  This  turbid 
admixture  grows  constantly 
thicker  from  the  second  to 
the  tenth  or  twelfth  hour; 
aller  which  the  intesiirial 
fluids  become  less  abundant, 
and  finally  disappear  almost 
entirely,  as  the  process  of  di- 
gestion comes  to  an  encL 

The  passage  of  disintegrated 
muscular  tissue  into  the  intes- 
tine may  also  be  shown,  as 
already  mentioned,  by  killing 
the  animal  and  examining 
the  contents  of  the  alimentary 
canal.  During  the  digestion 
of  muscular  flesh  and  adipose 
tissue,  the  stomach  contains 
masses  of  softened  meat, 
smeared  over  with  gastric 
juice,  and  also  a  rao<lerate 
quantity  of  grayish,  grumous 
fluid,  with  an  acid  reaction. 
This  fluid  contains  muscular 
fibres,  isolated  from  each 
other,  and  more  or  less  dis- 
integrated, by  the  action  of 
the  gastric  juice.  (Fig.  34.) 
The  fat  vesicles  are  but  little 
or  not  at  all  altered  in  the 
stomach,  and  there  are  only 
a  few  free  oil  globules  to  be 
seen  floating  in  the  mixed 
fluids,  contained  in  the  cavity 
of  the  organ.  In  the  duodenum  the  muscular  fibres  are  further 
disintegrated.  (Fig.  36.)  They  become  very  much  broken  up,  pale 
and  ininsj)arent,  but  can  still  Imj  recognized  by  the  granular  mark- 
ings and  striations  which  are  characteristic  of  them.     The  fat  vesi- 
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Fig.  36. 


Pboh  Middlr  of  Small  Ixtritixe.— n,  o. 
Fat  TMlcles,  nearly  emptied  of  tbeii  eonteatn. 
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cles  also  begin  to  become  altered  in  the  duodenum.  The  solid 
^anular  fat  of  beef,  and  similar  kinds  of  meat,  becomes  liquefied 
and  emulsioned;  and  appears 
under  the  form  of  free  oil 
drops  and  fatty  molecules; 
while  the  &t  vesicle  itself  is 
partially  emptied,  and  becomes 
more  or  less  collapsed  and 
shrivelled.  In  the  middle 
and  lower  parts  of  the  intes- 
tine (Figs.  36  and  37)  these 
changes  continue.  The  mus- 
cular fibres  become  constantly 
more  and  more  disintegrated, 
and  a  large  quantity  of  granu- 
lar debris  is  produced,  which 
isatlastalsodiasolved.  Thefat 
also  progressively  disappears, 
and  the  vesicles  may  be  seen  in 
the  lower  part  of  the  intestine, 
entirely  collapsed  and  empty. 
In  this  way  the  digestion  of 
the  different  ingredients  of 
the  food  goes  on  in  a  continu- 
ous manner,  from  the  stomach 
throughout  the  entire  length 
of  the  small  intestine.  At  the 
same  time,  it  results  in  the 
production  of  three  different 
substances,  viz :  1st.  Albumi- 
nose,  produced  by  the  action 
of  the  gastric  juice  on  the     _ 

albuminoid    matters;     2d.    An    —o,  a.  Fat  ve«lcle«,  qalte  empty  aud  shrivelled. 

oily  emulsion,  produced  by  the  action  of  the  pancreatic  juice  on 
fat ;  and,  3d.  Sugar,  produced  from  the  transformation  of  stnrcli 
by  the  mixed  intestinal  fluids.  These  substances  are  then  ready 
to  be  taken  up  into  the  circulation ;  and  as  the  mingled  ingredients 
of  the  intestinal  contents  pass  successively  downward,  through  the 
duodenum,  jejunum,  and  ileum,  the  products  of  digestion,  together 
with  the  digestive  secretions  themselves,  are  gradually  absorbed, 
one  after  another,  by  the  vessels  of  the  mucous  membrane,  and 
carried  away  by  the  current  of  the  circulation. 
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The  Large  Intestine  and  its  Contents. — Tbroughout  tbe 
small  intestine,  as  we  have  just  seen,  tbe  secretions  are  intended 
exelusively  or  mainly  to  act  upon  the  food,  to  liquefy  or  disinte- 
grate it,  and  to  prepare  it  for  absorption.  But  below  tbe  situation 
of  tbe  ileo-caecal  valve,  and  throughout  the  large  intestine,  tbe  con- 
tents of  tbe  alimentary  canal  exhibit  a  different  appearance,  and 
are  distinct  in  their  color,  odor,  and  consistency.  This  portion  of 
the  intestinal  contents,  or  the  feces,  are  not  compo.sed,  for  tbe  most 
part,  of  the  undigested  remains  of  tbe  food,  but  consist  principally 
of  animal  substances  discbarge<l  into  the  intestine  by  excretion. 
These  substances  have  not  all  been  fully  investigated  ;  for  although 
they  are  undoubtedly  of  great  iuiportance  in  regard  to  the  preser- 
vation of  health,  yet  the  peculiar  manner  in  which  they  are  dis- 
charged by  the  mucous  membrane  and  united  with  each  other  in 
tbe  feces  has  interfered,  to  a  great  extent,  with  a  thorough  investi- 
gation of  their  jihysiological  characters.  Those  which  have  been 
most  fully  examined  are  the  following: — 

Excretine. — This  was  discovered  and  described  by  Dr.  W.  Mar- 
cet,'  as  a  characteristic  ingredient  of  the  human  feces.  It  is  a  slightly 
alkaline,  crystallizable  substance,  insoluble  in  water,  but  soluble  in 
ether  and  hot  alcohol.  It  crystallizes  in  radiated  groups  of  four- 
sided  prismatic  needles.  It  fuses  at  204°  F.,  and  burns  at  a  higher 
temperature.  It  is  non-nitrogenous,  and  consists  of  carbon,  hydro- 
gen, oxygen,  and  sulphur,  in  tbe  following  proportions: — 

f  «"«/>,  S- 
It  is  thought  to  be  present  mostly  in  a  free  state,  but  partly  in  union 
with  certain  organic  acids,  as  a  saline  compound. 

Stercorine. — This  substance  was  found  to  be  an  ingredient  of  the 
human  feces  by  Prof.  A.  Flint,  Jr.'  It  was  found  by  Prof.  Flint  both 
in  the  human  feces  and  those  of  the  dog;  and  was  obtained  by  him 
in  proportiijiia  varying  frum  .0007  to  .003  of  the  whole  mass  of  the 
feces.  It  is  soluble  in  ether  and  boiling  alcohol,  and,  like  excretine, 
crystallizes  in  tbe  form  of  radiating  needles,  but  fuses  at  a  much 
lower  temperature.  It  is  regarded  by  its  discoverer  as  produced,  by 
tran.sformation,  from  cholesterine,  one  of  the  ingredients  of  the  bile. 

Beside  these  substances,  tbe  feces  contain  a  certain  amount  of  fat, 
fatty  acids,  and  the  reranauts  of  undigested  food.  Vegetable  cells  and 
dbres  may  be  detected,  and  some  debris  of  the  disintegrated  muscu* 
Jar  fibres  may  almost  always  be  found  after  a  meal  composed  of  ani- 
mal and  vegetable  substances.  But  little  absorption,  accordingly, 
takes  place  in  the  large  intestine.  Its  office  is  mainly  confined  to  tbe 
■epanttion  and  discharge  of  certain  excrementitious  substances. 

>  PtitlcKi  Tmns  ,  Lon<L,  1867,  p.  410.  •  Am.  Journ.  Med.  Sci ,  Oct.,  186J 
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Beside  the  glands  of  Brunner  and  the  follicles  of  Lieberktihn, 

already  described,  there  are,  in  the  inner  part  of  the  walls  of  the 

intestine,  certain   glaudular- 
Pig.  38. 


V, 
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looking  bodies  which  are 
termed  "glandulaa  solitariae,** 
and  "  glandulaj  agniinatae." 
The  glandulie  solitariaj  are 
globular  or  ovoid  bodies, 
about  oue-thirtieth  of  an  inch 
in  diameter,  situated  partly 
in  and  partly  beneath  the  in- 
testinal mucous  membrane. 
Each  glandule  (Fig.  38)  is 
formed  of  an  investing  cap- 
sule, closed  on  all  sides,  and 

^ containing  in   its   interior  a 

soft  pulpy  mai^s,  which  con- 

Om   or  TBI   CtntCD    FOLIICLIS    of    rsTBB'l         .  . 

[pAtc Ri>.  rrom  Smalt  loietiiD*  of  Fitf.  HBtfntfled  sists of  miuutc cellular bodies, 

imbedded  in  a  homogeneous 
substance.  The  inclosed  mass 
is  penetrated  by  capillary 
bloodvessels,  which  pass  in 
through  the  investing  cap- 
sule, inosculate  freely  with 
each  other,  and  return  upon 
themselves  in  loops  near  the 
centre  of  the  glandular  body. 
There  is  no  external  ojjening 
or  duct;  in  fact,  the  contents 
of  the  vesicle,  being  pulpy 
and  vascular,  as  already  de- 
scribed, are  not  to  be  regarded 
as  a  secretion,  but  as  consti- 
tuting a  kind  of  solid  glaud- 


1^  AtAiMler*. 


Fig.  39. 


\ 


./ 


llAVDtrt;*  A4MiiiAT.1t.   from  8m«ll   lotoalian 


150 


ABsORPTIOX. 


tissue.  The  glandulte  agminntie  (Fig.  39),  or  "  Peyer'a  patches,"  as 
they  are  sometimes  called,  consist  of  aggregutiona  of  similar  globular 
or  ovoid  bodies,  found  most  abundantly  toward  the  lower  extremity 
of  the  small  intestine.  Both  the  solitary  and  agtninated  glandules 
are  evidently  connected  with  the  lacteals  and  the  system  of  the 
mesenteric  glands,  which  latter  organs  they  resemble  very  much  in 
their  minute  structure.  They  are  probably  to  be  regarded  aa  the 
lirst  row  of  mesenteric  glands,  situated  in  the  walls  of  the  intestinal 
canal. 

Another  set  of  organs,  intimately  connected  with  the  process  of 
absorption,  are  the  villi  of  the  small  intestine.    These  are  conical 
vascular  eminences  of  the  mucous  membrane,  thickly  set  over  th^ 
"whole  internal  surface  of  the  small  intestine.  In  the  upper  portion  of" 
the  intestine,  they  are  flattened  and  triangular  in  form,  resembling 
somewhat  tlie  conical  projections  of  the  pyloric  portion  of  the  sto- — 
mach.      In  the  lower  part  they  are  long  and  filiform,  and  oftei:^ 
slightly  enlarged,  or  club-shaped  at  their  free  extremity  (Fig.  4r0^ 
and  frequently  attaining  the  length  of 
one  thirty-fifth  of  an  inch.     They  are 
covered  externally  with   a    layer    of 
columnar  epithelium,  similar   to  that 
which  lines  the  rest  of  the  intestinal 
mucous  membrane,  and  contain  in  their 
interior  two  sets  of  vessels.    The  most 
superfitdal  of  these  are  the  capillary 
bloodvessels,  which  are  supplied  in  each 
villus   by  a  twig  of  the   mesenteric 
artery,  and  which  form,  by  their  fre- 
quent inosculation,  an  exceedingly  close 
and  abundant  network,  almost  iin me- 
diately   beneath    the   epithelial    layer. 
They  unite  at  the  base  of  tlie  villu.s, 
and  form  a  minute  vein,  which  is  one 
of  the  commencing  rootlets  of  the  por- 
tal vein.     In  the  central  part  of  the  vil- 
lus, and  lying  nearly  in  its  axis,  there 
is  another  vessel,  with  thinner  and  more 

tnirisparcnt  walls,  which  is  the  commencement  of  a  lacteal.  The 
preui.se  nmnner  in  which  the  lacteal  originates  in  the  extremity  of 
the  villus  is  not  known.  It  commences  near  the  apex,  either  by  a 
blind  extremity^  or  by  an  irregular  plexus,  passes,  in  a  straight  or 
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)mewhat  wavy  line,  toward  the  base  of  the  villus,  and  then  be- 
<2omes  continuous  with  a  small  twig  of  the  raesenteric  lacteals. 

The  villi  are  the  active  agents  in  the  process  of  absorption.  By 
"their  projecting  form,  and  their  great  abundance,  they  increase  enor- 
■wiously  the  extent  of  surface  over  which  the  digeste<.l  fluids  come 
in  contact  with  the  intestinal  mucous  membrane,  and  increase,  also, 
to  a  corresponding  degree,  the  energy  with  which  absorption  takes 
place.  They  hang  out  into  the  nutritious,  semi-fluid  mass  contained 
in  the  intestinal  cavity,  as  the  roots  of  a  tree  penetrate  the  soil ;  and 
they  irabil^e  the  liquefied  portions  of  tlie  foo^l,  with  a  rapidity  which 
is  in  direct  proportion  to  their  extent  of  surface,  and  the  activity  of 
their  circulation. 

The  process  of  absorption  is  also  hastened  by  the  peristaltic 
movements  of  the  intestine.  The  muscular  layer  here,  as  in  other 
parts  of  the  alimentary  canal,  is  double,  consisting  of  both  circular 
and  longitudinal  fibres.  The  action  of  tiiese  fibres  may  be  readily 
eeen  by  pinching  the  ex]>osed  intestine  with  the  blades  of  a  forceps. 
A  contraction  then  takes  place  at  the  spot  irritated,  by  which  the 
intestine  is  reduced  in  diameter,  its  cavitj  obliterated,  and  its  con- 
tents forced  onward  into  the  succeeding  portion  of  the  alimentary 
canal.  The  local  contraction  then  propagates  itself  to  the  neighbor- 
ing parts,  while  the  jwrtion  originally  contracted  becomes  relaxed ; 
so  that  a  slow,  continuous,  creeping  motion  of  the  intestine  is  pro- 
duced, by  successive  waves  of  contraction  and  relaxation,  which 
follow  each  other  from  above  downward.  At  the  same  time,  the 
longitudinal  fibres  have  a  similar  alternating  action,  drawing  the 
narrowed  t.>ortion8  of  intestine  up  and  down,  as  they  successively 
enter  into  contraction,  or  become  relaxed  in  the  intervals.  The  eftect 
of  the  whole  is  to  province  a  peculiar,  writhing,  worm-like,  or 
"vermicular"  motion,  among  the  diflerent  coils  of  intestine.  During 
life,  the  vermicular  or  peristaltic  motion  of  the  intestine  is  excited 
by  the  presence  of  food  undergoing  digestion.  By  its  action,  the 
substances  which  pass  from  the  stomach  into  the  intestine  are 
steadily  carried  from  above  downward,  so  as  to  traverse  the  entire 
length  of  the  small  intestine,  and  to  come  in  contact  successively 
with  the  whole  extent  of  its  mucous  membrane.  During  this  pns- 
agc,  the  absorption  of  the  digested  food  is  constantly  going  on. 
Its  liquefied  portions  are  taken  up  by  the  villi  of  the  mucous  mem- 
Jbrane,  and  successively  disappear ;  so  that,  at  the  termination  of  the 
jail  intestine,  there  remains  only  the  undigestibic  portion  of  the 
food,  together  with  the  refuse  of  the  intestinal  secretions.     These 
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t>.'iss  through  the  ileo-caecal  orifice  into  the  large  intestine,  and  there 
become  reduced  to  the  condition  of  feces. 

The  absorption  of  the  digested  fluids  is  accomplished  mainly 
by  the  bloodvessels.     It  was  formerly  supposed  that  the  lacteals 
were  the  only  agents  iu  this  process;  but  it  has  now  been  long 
known   that   this   opinion  was   erroneous,  and   that  the   blood- 
vessels take  at  least  an  equal  part  in  absorption,  and  are  in 
some  respects  the  most  active  and  important  agents  of  the  twa 
Aliuiidant  experiments  have  demonstrated  not  only  that  soluble 
substances  intrwluced   into  the  intestine  may  be  soon   afterward 
delected  in  the  bloo<l  of  the  portal  vein,  but  that  absorption  takes 
place  more  rapidly  and  uhunduntly  by  the  bloodvessels  than  by 
the  lacteals-     This  was  first  shown  by  Magendie,'  who  found  ihut 
ihe  absorption  of  poisonous  substances  would  take  place,  in  the  liv- 
ing animal,  both  from  the  cavity  of  the  intestine  and  from  the  tia- 
sues  of  the  lower  extremity,  notwithstanding  that  all  communica- 
tion through  the  lacteals  and  lymphatics  was  cut  off",  and  the  passage 
by  the  blooiivessels  alone  remained.    These  results  were  afterward 
corroborated  by  Panis^za,*  who  succeeded  in  detecting  the  substance 
which  had  been  absorbed  in  the  venous  blood  returning  from  the  part 
Tliis  observer  opened  the  abdomen  of  a  horse,  and  drew  out  a  fold  of 
Lie  small  intestine,  eigiit  or  nine  inches  in  length  (Fig.  41,  a,  a),  which 

Fig.  41. 
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lie  included  between  two  ligatures.  A  ligature  was  then  placed  (at 
b)  upon  the  mesenteric  vein  receiving  the  blood  from  this  portion 
of  intestine;  and,  in  order  that  the  circulation  might  not  be  inter- 
rupted, an  opening  was  made  (at  d)  in  tite  vein  behind  the  ligature, 
ao  that  the  blood  brought  by  the  mesenteric  artery,  after  circulating 
in  ihe  intestinal  capillaries,  passed  out  at  the  opening,  and  was 
ooUected  in  a  vessel  for  examination.  Hydrocyanic  acid  was  then 
introduced  into  the  intestine  by  an  opening  at  c.  and  almost  imme- 
diately afterward  ita  presence  was  detected  in  the  venous  blotxi 
flowing  from  the  orifice  at  d.  The  animal,  however,  was  not  poi- 
soned, since  the  acid  was  prevented  from  gaining  an  entrance  into 
Ihe  general  circulation  by  the  ligature  at  b. 

Panizza  afterward  varied  this  experiment  in  the  following  man- 
ner: Instead  of  t^'ing  the  mesculcric  vein,  he  simph'  compressed  it. 
Then,  hydrocyanic  acid  being  introduced  into  the  intestine,  as  above, 
no  effect  was  produced  on  the  animal,  so  long  as  compression  was 
maintained  upon  the  vein.  But  as  soon  as  the  blood  was  allowed 
to  pass  again  thntugh  the  vessels,  s^'^mptoms  of  general  poisoning 
«t  once  became  manifest.  Lastly,  in  a  third  experiment,  the  same 
observer  removed  all  the  nerves  and  lacteal  vessels  supplying  the 
Intestinal  fold,  leaving  the  bloodvessels  alone  untouched.  Hydro- 
cyanic acid  now  being  introduced  into  the  intestine,  found  an 
entrance  at  once  into  the  general  circulutiou,  and  the  animal  was 
immediately  poisoned.  The  bloodvessels,  therefore,  are  not  only 
capable  of  absorbing  fluids  from  the  intestine,  but  take  tbem  up 
even  more  rapidly  and  abundantly  than  the  laclcals. 

Accordingly  the  products  of  digestion,  on  being  taken  up  by  the 
villi,  are  absorbed  by  the  capillary  bloodvessels  and  pass  into  the 
current  of  the  abdominal  venous  circulation.  After  the  digestion 
of  food  containing  a  mixture  of  albuminous  and  starchy  ingredi- 
ents, both  albuminose  and  sugar  are  to  be  found  in  the  blood  of 
the  portal  vein.  These  substances,  however,  do  not  mingle  at 
onoe  with  the  general  mass  of  the  circulation,  but,  owing  to  the  ana- 
tomical distribution  of  the  portal  vein,  pass  first  through  the  capil- 
lary circulation  of  the  liver.  Soon  after  being  introduced  into 
ibe  blood  and  coming  in  contact  with  its  organic  ingredients,  they 
become  altered  and  converted,  by  catalytic  transformation,  into 
other  substances.  The  albuminose  passes,  in  all  probability,  into 
the  condition  of  ordinary  albumen,  while  the  sugar  rapidly  be- 
comes decomposed,  or  transformed,  and  loses  its  characteristic 
properties;  so  that,  on  arriving  at  the  entrance  of  the  general  cir- 
culation, both  the.so  newly  absorbed  ingredients  have  become  al- 
ready assimilated  to  those  which  previously  existed  in  the  blood. 
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The  fatty  matters  of  the  digested  food  are  also  taken  up  by  the 
bloodvessels  and  pass  in  this  way  iuto  the  circulation.  We  have 
already  shown  thiit  these  fatty  ingredients,  by  the  action  of  the  pan- 
creatic juice,  are  reduced  to  the  condition  of  an  emulsion,  forming 
in  the  intestine  a  white  milky  fluid  termed  the  "chyle."  la 
chyle  drawn  from  the  lacteals  or  the  thoracic  duct,  the  fatty  mat- 
ter still  presents  itself  in  the  same  condition,  and  retains  all  the 
chemical    jjropertiea    of   oil.  F>g-  42. 

Examined  by  the  microscope, 
it  is  seen  to  exist  under  the 
form  of  fine  granules  aud 
molecules,  which  present  the 
ordinary  appearances  of  oil 
in  a  state  of  minute  sulMlivi- 
sion.  The  chyle,  therefore, 
does  not  represent  the  entire 
product  of  the  digestive  pro- 
cess, but  contains  only  the 
fatty  substances,  suspended 
by  emulsion  in  a  serous  fluid. 

The  oleaginous  materials, 
thus  prepared,  are  absorbed 

,  1111  I  p    j.1.  Dfi^T.  from  the  D-.)?  — The   tnuleentea  T«fT   ta  %iM 

by    the    bloodvessels     of    the      from  I-IO.WXHU  of  . a  inch  downward. 

intestine.     The  blood  of  the 

portal  vein  during  digestion,  in  the  carnivorous  animals,  contnins 
a  considerable  amount  of  tatty  matter  in  a  state  of  minute  subdivi- 
sion, often  communicating  a  turbid  or  milky  appearance  to  the  serum 
after  coagulation  ;  other  observers  (Bernard,'  Lehmann,  Schultz, 
Simon)  have  noticed  the  same  fact,  and  have  found  the  blood  of 
the  portal  vein  to  be  considerably  richer  in  fat,  than  that  of  other 
H  veina.particularly  while  intestinal  digestion  is goingon  with  activity. 
^^V  A  difticuky  has  been  experienced  in  accounting  for  the  absorp- 

m  tion  of  fat  from  the  intestine,  owing  to  its  being  considered  as  a 

H  non-eudosinotic  substance ;  that  is,  as  incapable,  in  its  free  or  undis- 

I  solved  condition,  of  penetrating  and  passing  through  an  animal 

I  membrane  by  endosmosis.     It  is  stated,  indeed,  that  if  a  fine  oily 

I  emulsion  be  pl.aced  on  one  side  of  an  animal  membrane  in  an  endoa* 

■  mometer.  and  pure  water  on  the  other,  the  water  will  readily  pene- 

■  trate  the  substance  of  the  membrane,  while  the  oily  particles  cannot 
I  be  made  to  pass,  even  under  a  high  pressure.  Though  this  be  true, 
^^_  however,  for  pure  water,  it  is  not  true  for  slightly  alkaline  fluids^ 
^^^1  '  Lemons  dc  Phjsintogie  Esp^rimenUle.     Paria,  1650,  p.  325. 
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like  the  seram  of  the  blood  and  the  lymph.  This  has  been  de- 
monstrated by  the  experiments  of  Matteucci,  in  which  he  made 
an  emulsion  with  an  alkaline  fluid  containing  43  parts  per  thou- 
sand of  caostic  potassa.  Such  a  solution  has  no  perceptible  alkaline 
tast^  and  its  action  on  reddened  litmus  paper  is  about  equal  to 
that  of  the  lymph  and  chyle.  If  this  emulsion  were  placed  in  an 
endosmometer,  together  with  a  watery  alkaline  solution  of  similar 
strength,  it  was  found  that  the  oily  particles  penetrated  through  the 

animal    membrane    without 
^**  **•  much  diflBlculty,  and  mingled 

with  the  fluid  on  the  opposite 
side.  Although,  therefore, 
we  cannot  explain  the  exact 
mechanism  of  absorption  in 
the  case  of  fat,  still  we  know 
that  it  is  not  in  opposition  to 
the  ordinary  phenomena  of 
endosmosis;  for  endosmosis 
will  take  place  with  a  fatty 
emulsion,  provided  the  fluids 
used  in  the  experiment  be 
slightly  alkaline  in  reaction. 
It  is,  accordingly,  by  a  pro- 
cess of  endosmosis,  or  imbi- 
bition, that  the  villi  take  up 
the  digested  fatty  substances.  There  are  no  open  orifices  or  canals, 
into  which  the  oil  penetrates ;  but  it  passes  directly  into  and  through 

the  substance  of  the  villi. 
The  epithelial  cells  covering 
the  external  surface  of  the 
villus  are  the  first  active 
agents  in  this  absorption.  In 
the  intervals  of  digestion  (Fig. 
43)  these  cells  are  but  slightly 
granular  and  nearly  trans- 
parent in  appearance.  But  if 
examined  during  the  diges- 
tion and  absorption  of  fat 
(Fig.  44),  their  substance  is 
seen  to  be  crowded  with  oily 
particles,  which  they  have 
taken  up  from  the  intestinal 

IHTitTlliA.-.  Bpitbxlivm:  from  (be  Doit,  daring  •         i  i  .•  n^^ 

tkcdigMtioBorbt.  cavity  by  absorpUoiv.    ^viq 
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oily  matter  then  passes  onward,  peaetrnting  deeper  and  deeper  into 
the  substance  of  the  villus,  until  it  ia  at  last  received  by  the  capil- 
lary vessels  in  its  interior. 

The  fatty  substances  thus  taken  up  by  the  portal  vein,  do  not  at 
once  enter  the  general  circulation,  but  pass  first  through  the  capil- 
lary system  of  the  liver.  Thence  they  are  carried,  with  the  blood 
of  the  hepatic  vein,  to  the  right  side  of  the  heart,  and  subsequently 
through  the  capillary  system  of  the  lungs.  While  passing  through 
the  pulmonary  circulation,  however,  they  disappear.  Precisely 
what  becomes  of  them,  or  what  particular  chemical  changes  they 
undergo,  is  not  certainly  known.  They  are,  at  all  events,  so 
altered  in  the  blood,  while  piiHslng  through  the  lungs,  that  they 
lose  the  form  of  a  fatty  emulsion, 
and  are  no  longer  to  be  recog- 
nized by  the  usual  tests  for  ole- 
aginous substances. 

The  absorption  of  fatty  mat- 
ters is  also  accomplished  by  an- 
other set  of  capillary  vessels  of 
the  intestine,  namely,  the  "  lac- 
teals." 

The  lacteals,  however,  are  not 
a  special  .system  of  ve.s.sols  by 
themselves  but  are  simply  a 
part  of  the  great  system  of  "  ab- 
sorbent" or  "lymphatic"  ves- 
sels, which  are  to  be  found 
everywhere  in  the  integuments 
of  the  head,  the  parietes  of  the 
trunk,  the  upper  and  lower  ex- 
tremities, and  in  the  muscular 
tissues  and  raucous  membranes 
throughout  the  bo<ly.  The 
walls  of  these  vessels  are  thin- 
ner and  more  transparent  than 
those  of  the  arteries  and  veins, 
and  they  are  consequently  less 
easily  detected  by  ordinary  dis- 
section. They  originate  in 
the  tissues  of  the  above-mentioned  pans  by  an  irregular  plexus. 
Tbey  pass  from  the  extremities  toward  the  trunk,  converging  and 
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uniting  with  each  other  like  the  veins,  their  principal  brancLes 
taking  usually  the  same  direction  with  the  nerves  and  bloodvessels, 
md  passing,  at  various  points  in  their  course,  through  certain 
jlandular  bodies,  the  "lymphatic  or  "absorbent"  glands.  The 
'lymphatic  glands,  among  which  are  included  the  mesenteric  glands, 
consist  of  an  external  layer  of  fibrous  tissue  and  a  contained  pulp 
«>r  parenchyma.  The  investing  layer  of  fibrous  tissue  sends  oft" 
thin  septa  or  laminae  from  its  internal  surface,  which  penetrate  the 
substance  of  the  gland  in  every  direction  and  unite  with  each  olher 
at  various  points.  In  this  way  they  form  an  interlacing  laminated 
framework,  which  divides  the  substance  of  the  gland  into  Tiumer- 
ous  rounded  spaces  or  alveoli.  These  alveoli  are  not  completely 
iaolated,  but  communicate  with  each  other  by  narrow  openings, 
where  the  intervening  septa  are  incomplete.  These  cavities  are 
filled  with  a  soft,  reddish  pulp,  which  is  penetrated,  according  to 
KoUiker,  like  the  solitary  and  agminatcd  glands  of  the  intestine, 
by  a  fine  network  of  capillary  bloodvessels.  The  solitary  and 
agminatcd  glands  of  the  intestine  are,  therefore,  closely  analogous 
in  their  structure  to  those  of  the  lymphatic  system.  The  former  are 
to  be  regarded  as  simple,  the  latter  as  compound  vascular  glajids. 

The  arrangement  of  the  lymphatic  vessels  in  the  interior  of  the 
glands  is  not  precisely  "understood.  Each  lymphntic  vessel,  as  it 
enters  the  gland,  breaks  up  into  a  number  of  minute  ramifications, 
the  tHisa  afftrt^ntia ;  and  other  similar  twig.s,  forming  the  vasa  effcr- 
cntia,  pass  ofi'iu  the  opposite  direction,  from  the  fiiriher  side  of  the 
gland ;  but  the  exact  mode  of  communication  between  the  two  has 
not  been  definitely  ascertained.  The  fluids,  however,  arriving  by 
the  vasa  afferentia,  must  pa8.s  in  some  way  through  the  tissue  of 
the  gland,  before  they  are  carried  away  again  by  the  vasa  efterentia. 
From  the  lower  extremities  the  lymphatic  vessels  enter  the  abdomen 
at  the  groin  and  converge  toward  the  receptaculum  chyli,  into 
•which  their  fluid  is  discharged,  and  afterward  conveyed,  by  the 
thoracic  duct,  to  the  left  subclavian  vein. 

Tlie  fluid  which  these  vessels  contain  is  called  the  li/mpfi.  It  is 
a  colorless  or  slightly  yellowish  transparent  fluid,  w^hich  is  absorbed 
"by  the  lymphatic  vessels  from  the  tissues  in  which  they  originate. 
tSo  far  as  regards  its  composition,  it  is  known  to  contain,  beside 
"water  and  saline  matters,  a  small  quantity  of  fibrin  and  albumen. 
lt«  ingredients  are  evidently  derived  from  the  metamorphosis  of 
the  tissues,  and  are  returned  to  the  centre  of  the  circulation  in 
order  to  be  eliminated  by  excretion,  or  in  order  to  undergo  some 
new  transforming  or  renovating  process.     We  are  ignorant,  how- 
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la  converging  from  its  intestinal  border  toward  the  receptaculum 
lyli,  near  the  spinal  column.  During  their  course,  they  pass 
irougb  several  successive  rows  of  mesenteric  glands,  which  also 
»Come  turgid  with  chyle  while  the  process  of  digestion  is  going 
I.  The  lacteals  then  conduct  the  chyle  to  the  receptaculum  chyli, 
hence  it  passes  upward  through  the  thoracic  duct,  and  is  finally 
sch&rged,  at  the  termination  of  this  canal,  into  the  left  subclavian 
jin.  (Fig.  46.)  It  is  then  mingled  with  the  returning  current  of 
inous  blood,  and  passes  into  the  right  cavities  of  the  heart. 
The  presence  of  chyle  in  the  lacteals  is,  therefore,  not  a  constant, 
at  only  a  perj^ijlical  phenomenon.  The  fatty  substances  consti- 
iling  the  chyle  begin  to  be  absorbed  during  the  process  of  diges- 
on,  as  soo^  as  they  have  been  disintcgrateil  and  emulsioned  by 
le  action  of  the  intestinal  fluids.  As  digestion  proceeds,  they 
^cumulate  in  larger  quantity,  and  gradually  fill  the  whole  lacteal 
fstem  and  the  thoracic  duct.  As  they  are  discharged  into  the 
ibclavian  vein,  and  mingled  with  the  blood,  they  can  still  be  dis- 
nguished  in  the  circulating  fluid,  as  a  mixture  of  oily  molecules, 
etween  the  orifice  of  the  thoracic  duct  and  the  right  side  of  the 
eart;  while  passing  through  the  lungs,  however,  they  become 
Itered  in  character  as  above  described,  and  lose  for  the  most  part 
he  distinguishing  characteristics  of  oily  matter  before  they  have 
assed  beyond  the  pulmonary  circulation.  The  fatty  substances 
bus  introduced  by  the  bloodvessels  and  the  lacteals  are  in  this 
ay  rapidly  transformed  and  assimilated  to  the  ordinary  ingredi- 
Qts  of  the  blood. 

But  as  digestion  proceeds,  an  increasing  quantity  of  fatty  matter 
nds  its  way,  by  these  two  passages,  into  the  blood ;  and  a  time  at 
kst  arrives  when  the  whole  of  the  fat  so  introduced  is  not  destroyed 
uring  its  passage  through  the  lungs.  Its  absorption  taking  place 
t  this  time  more  rapidly  than  its  decomposition,  it  begins  to  ap- 
ear,  in  moderate  quantity,  in  the  blood  of  the  general  circulation ; 
nd,  lastly,  when  the  intestinal  absorption  is  at  its  point  of  greatest 
ctivity,  it  is  found  in  considerable  abundance  throughout  the 
atire  vascular  system.  At  this  period,  some  hours  after  the  inges- 
on  of  food  rich  in  oleaginous  matters,  the  blood,  not  only  of  the 
ortal  vein, but  also  of  the  general  circulation,  everywhere  contains 
superabundance  of  fat,  derived  from  the  digestive  process.  If 
lood  be  then  drawn  from  the  veins  or  arteries  in  any  part  of  the 
ody,  it  will  present  the  peculiar  appe.nrance  known  as  that  of 
chylous"  or  "milky"  blood.    After  the  separation  of  the  clot, 
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the  serum  presents  a  turbid  appearance ;  ami  the  fatty  aubstai 
which  it  contains,  rise  to  the  top  alter  a  few  hours,  and  cover  its 
surface  with  a  partially  opaque  and  creamy-looking  pellicle.  This 
appearance  has  been  occasionally  observed  iu  the  human  subject, 
particularly  in  bleeding  for  apoplectic  attacks  occurring  after  a  full 
meal,  and  has  been  mistaken,  in  some  instances,  for  a  morbid  phe- 
nomenon. It  is,  however,  a  perfectly  natural  one,  and  dependn' 
simply  on  the  rapid  absorption,  at  certain  periods  of  digestion,  of 
oleaginous  substances  from  the  intestine.  It  can  be  produceil  at 
will,  at  any  time,  in  the  dog,  .by  feeding  him  with  fat  meat,  and 
drawing  blood,  seven  or  eight  hours  al\«rward,  from  the  carotid 
artery  or  the  jugular  vein. 

This  state  of  things  continues  for  a  varying  length  of  time,  ac- 
cording to  the  amount  of  oleaginous  matters  contained  in  the  food. 
When  digestion  is  terminated,  and  the  fat  ceases  to  be  introduced 
in  unusual  quantity  into  the  circulation,  its  transformation  and 
decomposition  continuing  to  take  place  in  the  blood,  it  disappears 
gradually  from  the  veins,  arteries,  and  capillaries  of  the  general 
system;  and,  finally,  when  the  whole  of  the  fat  has  been  disposed 
of  by  the  nutritive  processes,  the  serum  again  becomes  transparent, 
and  the  blood  returns  to  its  ordinary  condition. 

In  this  manner  the  nutritive  elements  of  the  food,  prepared  for 
absorption  by  the  digestive  process,  are  taken  up  into  the  circulation 
under  the  diftbrent  forma  of  albuminose,  sugar,  and  chyle,  and  accu- 
mulate as  such,  at  certain  times,  in  the  blood.    But  these  conditions 
are  only  temporary,  or  transitional.     The  nutritive  materials  soon 
pass,  by  catalytic  transformation,  into  other  forms,  and  become 
assimilated  to  the  pre-existing  elements  of  the  circulating  fluid. 
Thus  they  accomplish  finally  the  whole  object  of  digestion  ;  which 
is  to  replenish  the  blood  by  a  supply  of  new  materials  from  without. 
There  are.  however,  two  other  intermediate  processes,  taking  place 
partly  in  the  liver  and  partly  in  the  intestine,  at  about  the  same™ 
time,  and  having  for  their  object  the  final  preparation  and  perfcc-^ 
tion  of  the  circulating  fluid.     These  two  processes  require  to  be 
studied,  before  we  can  pass  on  to  the  particular  description  of  the^ 
blood  itself.    They  are:  1st,  the  secretion  and  reabsorption  of  the™ 
bile ;  and  2d,  the  production  of  sugar  in  the  liver,  and  its  sul^e- 
quent  decomposition  in  the  blood 
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The  bile  is  more  easily  obtained  in  a  state  of  purity  than  any 
other  of  the  secretions  which  find  their  way  into  the  intestinal 
canal,  owing  to  the  existence  of  a  gall-bladder  in  which  it  accu- 
malates,  and  from  which  it  may  be  readily  obtained  without  any 
other  admixture  than  the  mucus  of  the  gall-bladder  itself.  Not- 
withstanding this,  its  study  has  proved  an  unusually  difficult  one. 
This  difficulty  has  resulted  from  the  peculiar  nature  of  the  biliary 
ingredients,  and  the  readiness  with  which  they  become  altered  by 
chemical  manipulation ;  and  it  is,  accordingly,  only  quite  recently 
that  we  have  arrived  at  a  correct  idea  of  its  real  constitution. 

The  bile,  as  it  comes  from  the  gall-bladder,  is  a  somewhat  viscid 
and  glutinous  fluid,  varying  in  color  and  specific  gravity  according 
to  the  species  of  animal  from  which  it  is  obtained.  Human  bile  is 
of  a  dark  golden  brown  color,  ox  bile  of  a  greenish  yellow,  pig's 
bile  of  a  nearly  clear  yellow,  and  dog's  bile  of  a  deep  brown.  We 
have  found  the  specific  gravity  of  human  bile  to  be  1018,  that  of 
ox  bile  1024,  that  of  pig's  bile  1030  to  1036.  The  reaction  of  the 
bile  with  test-paper  cannot  easily  be  determined ;  since  it  has  only 
a  bleaching  or  decolorizing  effect  on  litmus,  and  does  not  turn  it 
either  blue  or  red.  It  is  probably  either  neutral  or  very  slightly 
alkaline.  A  very  characteristic  physical  property  of  the  bile  is 
that  of  fh>thing  up  into  a  soap-like  foam  when  shaken  in  a  test- 
tabe,  or  when  air  is  forcibly  blown  into  it  through  a  small  glass 
tube  or  blowpipe.  The  bubbles  of  foam,  thus  produced,  remain 
for  a  long  time  without  breaking,  and  adhere  closely  to  each  othe> 
and  to  the  sides  of  the  glass  vessel. 

The  following  is  an  analysis  of  the  bile  of  the  ox,  based  on  the 
ealculations  of  Berzelius,  Frerichs^  and  Lehmann : — 
11 
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CoMi^ieiTiox  OP  Ox  Bile. 

Water 880.00 

Oljrka-cholBttt  of  soda 

Taaro-cholftte  "     " 

Bilivertltne 

Fat8 

Oleates,  mnrgarates,  ancl  atearatea  of  aoda  and  potaaaa 
CiiolesUtrin  .......... 

CliloHdfl  of  sodiam 

Pboaphate  nf  soda 

"  "  lime 

"  "  niagneoia 

Carbonates  of  soda  ami  potaasa     ...... 

Muooa  of  the  gall-bladder 1.34 


JK).<H) 


13.4 


15.24 


looo.oo 
BiLTVERDiNE.— Of  the  ftbove  mentioned  ingredients.  biUvtrrline 
is  peculiar  to  the  bile,  and  therefore  important,  though  not  pre- 
sent in  large  quantity.  This  is  the  coloring  matter  of  the  bile. 
It  is^  like  the  other  coloring  matters,  an  uncrjstallJzable  organic 
substance,  containing  nitrogen,  and  yielding  to  ultimate  anaiysia  a 
small  quantity  of  iron.  It  exists  in  such  small  quantity  in  the  bile 
that  its  exact  proportion  has  never  been  determined.  It  is  formed, 
so  far  as  can  be  asccrtiiinedi,  in  the  substance  of  the  liver,  and  does 
not  pre-exist  in  the  blood.  It  may,  however,  be  reabsorbed  in 
cases  of  biliary  obstruction,  when  it  circulates  with  the  blood  and 
stains  nearly  all  the  tissues  and  fluids  of  the  body,  of  a  peculiar 
lemon  yellow  color.  This  is  the  symptom  which  is  characte 
of  jaundice. 

Cholestekin  (CjjIIjjO). — This  is  a  crystallizable  substance  which 
resembles  the  fats  in  many  respects;  since  it  is  destitute  of  nitrogen, 
readily  inflammable,  soluble  in  alcohol  and  ether,  and  entirely  in*^ 
soluble  in  water.     It  is  not  saponifiable,  however,  by  the  action  of  " 
the  alkalie-s  and  is  distinguished  on  this  account  from  the  ordinary 
fatty  substances.    It  occurs,  in  a  crystalline  form,  mixed  with  color- 
ing matter,  as  an  abundant  ingredient  in  most  biliary  calculi ;  atid 
is  found  also  in  difterent  regions  of  the  body,  forming  a  part  of 
various  morbid  deposits.     We  have  met  with  it  in  the  fluid  o! 
hvdrocele,  and  in  the  interior   of  many  encysted   tumors.      The 
crystals  of  cholesterin  (Fig.  47)  have  the  form  of  very  thin,  color- 
less, transparent,  rhomboidal   plates,  portions  of  which  are  oflen 
cut  out  by  lines  of  cleavage  parallel  to  the  sides  of  the  crystal. 
They  frequently  occur  deposited  in  layers,  in  which  the  outlines  of 
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Pig.  47. 


the  subjacent  crystals  show  very  distinctly  through  the  substance 
of  those  which  are  placed  above.  Cholesterin  is  not  formed  in  the 
liver,  but  originates  in  the 
substance  pf  the  brain  and 
nervous  tissue^  from  which 
it  may  be  extracted  in  large 
quantity  by  the  action  of 
alcohol.  It  has  also  been 
found,  by  Dr.  W.  Marcet,'  to 
exist,  in  considerable  abund- 
ance, in  the  tissue  of  the 
spleen.  From  all  these  tis- 
sues it  is  absorbed  by  the 
blood,  then  conveyed  to  the 
liver,  and  discharged  with 
the  bile. 
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This  fact  has  been  fully 
confirmed  by  the  researches 

of  Prof.  A.  Flint,  Jr.,*  who  has  found  that  there  is  nearly  one-quarter 
part  more  cholesterin  in  the  blood  of  the  jugular  vein,  returning 
from  the  brain,  than  in  that  of  the  carotid  artery,  before  its  passage 
through  that  organ ;  and  that,  on  the  other  hand,  the  blood  of  the 
hepatic  artery,  as  well  as  that  of  the  portal  vein,  loses  cholesterin 
in  passing  through  the  liver,  so  that  but  a  small  quantity  can  be 
found  in  the  blood  of  the  hepatic  vein. 

Since  cholesterin  in  a  free  state  is  insoluble  in  the  animal  fluids^ 
it  is  probable  that  it  exists  in  the  blood  and  the  bile,  as  well  as  in 
the  nervous  tissues  from  which  it  is  derived,  under  some  form  of 
comlniiation,  as  a  lactate,  oleate,  or  margarate;  and  that  it  is  depos- 
ited in  a  crystalline  form  only  after  being  liberated  from  this  com- 
bination by  the  action  of  other  substances. 

The  cholesterin,  after  being  poured  into  the  intestine  with  the 
bile,  is  decomposed  or  transformed  into  some  other  substance, 
since  it  is  not  discharged  with  the  feces.^  Its  decomposition  is 
probably  eflEected  by  the  contact  of  the  intestinal  fluids. 

BiLiABT  Salts. — ^By  far  the  most  important  and  characteristic 
ingredients  of  this  secretion  are  the  two  saline  substances  mentioned 

1  PhilasopblcallVanBsetions,  London,  1867,  p.  418. 

*  American  Journ.  Med.  Sci.,  October,  1862. 

>  Prof.  A.  Flint,  Jr.,  in  Am.  Journ.  Med.  Sci.,  Oct.  1862. 
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above  as  the  ghjlcn-cholate  and  tauro-cholate  of  soda.  Those  buT 
stances  were  first  discovered  by  Strecker,  in  1848,  in  the  bile  of  the 
ox.  They  are  both  freely  soluble  in  water  and  in  alcohol,  but  in- 
soluble in  ether.  One  of  them,  the  tauro-cholate,  has  the  property, 
when  itself  in  solution  in  water,  of  dissolving  a  certain  quantity  of 
fat ;  and  it  m  probably  owing  to  this  circumstance  that  some  free 
fat  is  present  in  the  bile.  The  two  biliary  substances  are  obtained 
from  ox  bile  in  the  following  manner  : — 

The  bile  is  first  evaporated  to  dryness  by  the  water-bath.  Tlic 
dry  residue  is  then  pulverized  and  treated  with  absolute  alcohol,  in 
the  proportion  of  at  least  5j  of  alcohol  to  every  five  grains  of  dry 
residue.  The  filtered  alcoholic  solution  hits  a  clear  yellowish  color. 
It  contains,  beside  the  glyko-cholate  and  tauro-cholate  of  soda,  the 
coloring  matter  and  more  or  less  of  the  fats  originally  present  in 
the  bile.  Ou  the  addition  of  a  small  quantity  of  ether,  a  dense, 
whitish  precipitate  is  formed,  which  disappears  again  on  agitating 
and  thoroughly  mixing  the  fluids.  On  the  repeated  addition  of 
ether,  the  precipitate  again  falls  down,  and  when  the  ether  has  been 
added  in  considerable  excess,  six  to  twelve  times  the  volume  of  tbe 
alcoholic  solution,  the  precipitate  remains  permanent,  and  the  wholo 
mixture  is  filled  with  a  dense,  whitish,  opaque  deposit,  consisting 
of  the  glyko-cholate  and  tauro-cholate  of  soda,  thrown  down  under 
the  form  of  heavy  flakes  and  granules,  part  of  which  subside  to 


Fig.  48. 


Fig.  49. 
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the  bottom  of  the  test-tube,  while  part  remain  for  a  time  in  suspen- 
sion. Gradually  these  flakes  and  granules  unite  with  each  other 
and  fuse  together  into  clear,  brownish-yellow,  oily,  or  resinous- 
looking  drops.  At  the  bottom  of  the  test-tube,  afler  two  or  three 
hours,  tbere  is  usually  collected  a  nearly  homogeneous  layer  of 
this  deposit,  while  the  remainder  continues  to  adhere  to  the  sides 
of  the  glass  in  small,  circular,  transparent  drops.  The  deposit  i.s 
semi-flnid  in  consistency,  and  sticky,  like  Canada  balsam  or  half- 
melted  resiu ;  and  it  is  on  this  account  that  the  ingredients  compos- 
ing it  have  been  called  the  "  resinous  matters"  of  the  bile.  They 
have,  however,  no  real  chemical  relation  with  true  resinous  bodies, 
since  they  both  contain  nitrogen,  and  differ  from  resins  also  in 
other  important  particulars. 

At  the  end  of  twelve  to  twenty-four  hours,  the  glyko-cholate  of 
soda  begins  to  crystallize.  The  crystals  radiate  from  various  points 
in  the  resinous  deposit,  and  shoot  upward  into  the  supernatant 
fluid,  in  white,  silky  bundles.  (Fig.  48.)  If  some  of  these  crystals 
be  removed  and  examined  by  the  microscope,  they  are  found  to  be 
of  a  very  delicate  acicular  form,  running  to  a  finely  pointed 
extremity,  and  radiating,  as  already  mentioned,  from  a  central 
point.  (Fig.  49.)  As  the  ether  evaporates,  the  crystals  absorb 
moisture  from  the  air,  and  melt  up  rapidly  into  clear  resinous 
drops ;  so  that  it  is  diflBcult  to  keep  them  under  the  microscope 
long  enough  for  a  correct 
drawing   and  measurement.  ^'*"  ^' 

The  crystallization  in  the 
test-tube  goes  on  after  the 
first  day,  and  the  crystals  in- 
ereaao  in  quantity  for  three 
or  firar,  or  even  five  or  six 
dfl(fit  until  the  whole  of  the 
ffy)Bb  cbolate  of  soda  present 
hM  aBBUined  the  solid  form. 
Thai  tfturo-oholate,  however, 
is  nncsrystallizable,  and  re- 
mains in  an  amorphous  con- 
dition. If  a  portion  of  the 
deposit  be  now  removed  and 
examined  by  the  microscope, 
it  is  seen  thai  the  crystals  of 
glyko-cbolate  of  soda  have 
increased  considerably  in  thickness  (Fig.  60),  so  that  their  trans- 
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verse  diameter  may  be  readily  estimated.  The  uncrystallizable 
tauro-cholate  appears  under  the  form  of  circular  drops,  varying 
considerably  ia  size,  clear,  transparent,  strongly  refractive,  and 
bounded  by  a  dark,  well -defined  outline.  The-te  drojtn  are  nol  to  he 
dtsiinfjuiiiJiei/,  }nj  any  of  their  optical  proi'ertieK,  from  oil-glohulea,  as 
they  usually  appear  under  the  microscope.  They  have  the  same 
refractive  power,  the  same  dark  outline  and  bright  centre,  and  the 
same  degree  of  consistency.  They  would  consequenth'  he  liable  at 
all  times  to  be  mistaken  fur  oil-globules,  were  it  not  for  the  complete 
dissimilarity  of  their  chemical  properties. 

Both  the  glyko-cholate  tvnd  tauro-cholate  of  soda  are  very  freely 
soluble  in  water.  If  the  mixture  of  alcohol  and  etiier  be  poured 
off  and  distilled  water  added,  the  deposit  dissolves  rapidly  and 
completely,  with  a  mure  or  less  distinct  yellowi.sh  color,  according 
to  the  proportion  of  color! ug  matter  originally  present  in  the  bile. 
The  two*  biliary  substances  present  in  the  watery  solution  may  be 
separated  from  each  other  by  the  following  means.  On  the  addi- 
tion of  acetate  of  ka<l,  t!ie  glyko-cholate  of  soda  is  decompose*!, 
and  precipitates  as  a  glyko-cholate  of  lead.  The  precipitate,  8e|»a- 
rated  by  filtration  from  the  remaining  fluid,  ia  then  decomposed  in 
turn  hv  carbonate  of  soda,  and  the  original  glyko-cliolnte  of  soda 
reproduced.  The  filtered  fluid  vvliich  reinuiris,  and  which  conUiins 
the  tauro-cholate  of  soda,  is  then  treated  with  aubacetate  of  Iccui 
which  precipitates  a  tauro-cholate  of  load.  This  is  separated  bv 
filtration,  washed,  and  decomposed  again  by  carbonate  of  soda,  as 
in  the  former  case. 

The  two  biliary  substances  in  ox  bile  may,  therefore,  be  dis- 
tinguished hy  their  reactions  with  the  salts  of  lead.  Both  are 
precipitable  by  the  suhacctate;  but  the  glyko-cholate  of  soda  is 
precipilable  also  by  the  acetate,  while  the  tauro-cholate  is  not  so. 
If  sulDacotate  of  lead,  therefore,  be  added  to  the  mixed  watery  solu- 
tion of  tlie  two  substances,  and  the  whole  filteretl,  the  snbsetjuent 
addition  of  acetate  of  lead  to  the  filtered  fluid  will  produce  no  pre- 
(Lijutate,  because  both  the  biliary  matters  have  been  entirely  thrown 
down  with  the  deposit;  but  if  the  acetate  of  lead  be  first  added,  it 
will  precipitate  the  glyko-cholate  alone,  and  the  tauro-cholate  may 
aftt-rwurd  be  thrown  down  separately  by  the  subacetate. 

These  two  substances,  examined  separately,  have  been  found  to 
possess  the  following  properties : — 

Gfyko-cholate  of  soda  (NaO,C,jH^^O„)  crystallizes,  when  precipi- 
tated by  ether  from  its  alcoholic  solution,  in  radiating  bundles  of 
tine  white  silky  needles,  as  above  described.  It  is  composed  of 
soda,  united,  with  a  peculiar  acid  of  organic  origin,  viz.,  ghjko-ctinl'c 
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acid  (Cj,H^O,|,HO).  This  acid  is  crystallizable  and  contains  nitro- 
gen, as  shown  by  the  above  formula,  which  is  that  given  by  Leh- 
mann.  If  boiled  for  a  long  time  with  a  dilute  solution  of  potassa, 
glyko-cholic  acid  is  decomposed  with  the  production  of  two  new 
substances;  the  first  a  non-nitrogenous  acid  body,  cholic  acid 
(C^HjpO^HO);  the  second  a  nitrogenous  neutral  body,  glycine 
(C^HjNOJ.  Hence  the  name  glyko-cholio  acid,  given  to  the 
original  substance,  as  if  it  were  a  combination  of  cholic  acid  with 
glycine.  In  reality,  however,  these  two  substances  do  not  exist 
originally  in  the  glyko-cholic  acid,  but  are  rather  new  combinations 
of  its  elements,  produced  by  long  boiling,  in  contact  with  potassa 
and  water.  They  are  not,  therefore,  to  be  regarded  as,  in  any  way, 
natural  ingredients  of  the  bile,  and  do  not  throw  a'ny  light  on  the 
real  constitution  of  glyko-cholic  acid. 

Tauro-ckolate  of  soda  (NaO,C,jH^SjO,^  is  also  a  very  abundant 
ingredient  of  the  bile.  It  is  said  by  Robin  and  Verdeil'  that  it  is 
not  crystallizable,  owing  probably  to  its  not  having  been  separated 
as  yet  in  a  perfectly  pure  condition.  Lehmann  states,  on  the  con- 
trary, that  it  may  crystallize,'  when  kept  for  a  long  time  in  contact 
with  ether.  "We  have  not  been  able  to  obtain  this  substance,  how- 
ever, in  a  crystalline  form.  Its  acid  constituent,  tduro-choltc  acid, 
is  a  nitrogenous  body,  like  glyko-cholic  acid,  but  differs  from  the 
latter  by  containing  in  addition  two  equivalents  of  sulphur.  By 
long  boiling  in  a  dilute  solution  of  potassa,  it  is  decomposed  •with 
the  production  of  two  other  substances ;  the  first  of  them  the  same 
acid  body  mentioned  above  as  derived  from  the  glyko-cholic,  viz., 
choUc  acid;  and  the  second  a  new  nitrogenous  neutral  body,  viz., 
taurine  (C^H,NS,Oo).  The  same  remark  holds  good  with  regard,  to 
these  two  bodies,  that  we  have  already  made  in  respect  to  the  sup- 
posed constituents  of  glyko-cholic  acid.  Neither  cholic  acid  nor 
taurine  can  be  properly  regarded  as  really  ingredients  of  tauro- 
cholic  acid,  but  only  as  artificial  products  resulting  from  its  altera. 
tion  and  decomposition. 

The  glyko-cholates  and  tauro-cholates  are  formed,  so  far  as  we 
know,  exclusively  in  the  liver ;  since  they  have  not  been  found  in 
the  blood,  nor  in  any  other  part  of  the  body,  in  healthy  animals ; 
nor  even,  in  the  experiments  of  Kund^  Moleschott,  and  Lehmann 
on  frogs,'  after  the  entire  extirpation  of  the  liver,  and  consequent 

■  Chimie  Anatoiniqae  et  Physiologiqne,  vol.  ii.  p.  473. 

■  Pliysiologioal  Chnmistiy,  Phil,  ed.,  vol.  i.  p.  209. 

•  Ltihmann's  Physiological  Chemistry,  Phil,  ed.,  vol.  i.  p.  476. 
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suppression  of  the  bile.  These  substances  are,  therefore,  produi 
in  the  glandular  cells  of  the  liver,  by  transformatioa  of  some  other 
of  their  ingredients.  They  are  then  exuded  in  a  soluble  form,  as 
part  of  the  bile,  and  finally  discharged  by  the  excretory  hepatic 
ducts. 

The  two  substances  described  above  as  the  tauro-cholate  and 
glyko-cholate  of  soda  exist,  properly  speaking,  only  in  the  bile  of 
the  ox,  where  they  were  first  discovered  by  Strecker.  In  examin- 
ing the  biliary  secretions  of  diflerent  species  of  animals,  Strecker 
found  so  great  a  resemblance  between  them,  that  he  was  disposed 
to  regard  their  ingredients  as  essentially  the  same.  Having  estab- 
lished the  existence  in  ox-bile  of  two  peculiar  substances,  one 
crystallizable  and  non-sulphurous  (glyko-cholate),  the  other  uncrys- 
tallizable  and  sulphurous  (tauro-cholate),  he  was  led  to  consider 
the  bile  in  all  sp>ocies  of  animals  as  containing  the  same  substances, 
and  as  differing  only  in  the  relative  quantity  in  which  the  two 
were  present.  The  only  exception  to  this  was 
supposed  to  be  pig's  bile,  in  which  Strecker  found 
a  peculiar  organic  acid,  the  "hyo-cholic"  or 
"  hyo-cholinic"  acid,  in  combination  with  soda  as 
a  base. 

The  above  conclusion  of  his,  however,  was  not 
entirely  correct.  It  is  true  that  the  bile  of  all 
animals,  so  far  as  examine*!,  contains  peculiar 
substances,  which  resemble  each  other  in  being 
freely  soluble  in  water,  soluble  in  absolute  alco- 
hol, and  insoluble  in  ether;  and  in  giving  also  a 
peculiar  reacliun  with  Pettenkofer's  test,  to  be 
described  presently.  But,  at  the  same  time,  these 
substances  present  certain  minor  differences  in 
different  animals,  which  show  them  not  to  be 
identical. 

In  dog's  bile,  for  example,  there  are,  as  in  ox- 
bile,  two  substances  precipitable  by  ether  from 
their  alcoholic  solution;   one  crystallizablc,  the 
other  not  so.     But  the  former  of  these  substances 
crystallizes  much  more  readily  than  the  glyko- 
cholate  of  soda  from  ox-bile.    Dog's  bile  will  not  unfrequently  begin 
to  crystallize  freely  in  five  to  six  hours  after  precipitation  by  ether 
(Fig.  51);  while  in  ox-bile  it  is  usually  twelve,  and  often  twenty- 
four  or  even  forty-eight  hours  before  crystallization  is  fully  estab- 
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lished.     But  it  is  more  particularly  in  their  reaction  with  the  salts 
of  lead  that  the  difference  between  these  substances  becomes  mani- 
fest.    For  while  the  crystal! izable  substance  of  ox-bile  is  precipi- 
tated by  acetate  of  lead,  that  of  dog's  bile  is  not  affected  by  it.    If 
dog's  bile  be  evaporated  to  dryness,  extracted  with  absolute  alcohol, 
the  alcoholic  solution  precipitated  by  ether,  and  the  ether  precipitate 
then  dissolved  in  water,  the  addition  of  acetate  of  lead  to  the  watery 
solution  produces  not  the  slighest  turbidity.     If  subacetate  of  lead 
be  then  added  in  excess,  a  copious  precipitate  falls,  composed  of  both 
the  crystallizable  and  uncrystallizablo  substances.     If  the  lead  pre- 
cipitate be  then  separated  by  filtration,  washed,  and  decomposed, 
^  above  described,  by  carbonate  of  soda,  the  watery  solution  will 
^ntain  the  re-formed  soda  salts  of  the  bile.    The  watery  solution 
may  then  be  evaporated  to  dryness,  extracted  with  absolnte  alcohol, 
and  the  alcoholic  solution  precipitated  by  ether;  when  the  ether 
precipitxite  crystallizes  partially  after  a  time  as  in  fresh  bile.    Both 
the  biliary  matters  of  dog's  bile  are  therefore 
precipitable  by  subacetate  of  lead,  but  neither  of  PJg-  62. 

them  by  the  acetate.  Instead  of  calling  them, 
consequently,  glyko-cbolate  and  tauro  chelate  of 
eoda,  we  shall  speak  of  them  simply  as  the  "  crys- 
talline" and  "  resinous"  biliary  sub.stances. 

In  oat's  bile,  the  biliary  substances  act  very 
much  as  in  dog's  bile.  The  ether  precipitate  of 
the  alcoholic  solution  contains  here  also  a  crys- 
talline and  a  resinous  substance ;  both  of  which 
are  precjpitable  from  their  watery  solution  by  sub- 
acetate of  lead,  but  neither  of  them  by  the  acetate. 
In  human  bile  there  is  also  a  crystallizable  sub- 
stance; but  this  substance,  according  to  our  own 
observations,  is  in  much  smaller  quantity  than  in 
the  foregoing  cases.  In  the  alcoholic  extract  of 
dried  human  bile,  which  has  been  precipitated  by 
ether,  the  crystals  which  show  themselves  are  of 
variousformsandalmost  microscopic  in  size.  (Fig.    c»TiTALi.iiiiAM.RB- 

e.ft\         ct  <•     i_  r        i_  ■  ilMOU*    BiLJAir    Mat- 

52).  aome  oi  tnem  are  leatbory  in  appearance,  tmihimHiuiiaoDtia.a^ 
oonsisting  of  two  or  three  divert  ng  needles, '~'"*  "'"*  •'^''"*  ••*■ 
With  secondary  needle-shaped  crystals  growing  .th«r.  Mxuiflad » dun*- 
from  their  lateral  edges.  Others,  which  are""- 
larger  and  more  abundant,  are  octohedral  or  diamond-shaped, 
^metimea  with  irregular  sides  and  tranoated  angles.    Others  still 
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asaume  the  form  of  rosettes,  more  or  less  perfect,  consisting  of  short, 
line,  irregular,  radiating  fibres.  These  crystals  are  mingled  with 
an  abundant  deposit  of  resinous  drops,  similar  to  those  of  the  taurr, 
cholate  of  soda  from  ox-bile. 

If  the  biliary  deposit  from  human  bile,  thus  prepared,  be  sepa- 
rated by  decantation  and  dissolved  in  water,  it  precipitates  from  th« 
watery  solution  by  both  the  acetate  and  subacetate  of  lead.  This 
might,  perhaps,  be  attributed  to  the  presence  of  two  different  sub- 
stances, as  in  ox-bile,  one  precipitiited  by  the  acetate,  the  other  by 
the  subacetate  of  lead.  Such,  however,  is  not  the  case.  For  if  the 
watery  solution  be  precipitated  by  the  acetate  of  lead  and  then  fil- 
tered, the  filtered  fluid  gives  no  precipitate  afterward  by  the  subace- 
tate ;  and  if  first  precipitated  by  the  subacetate,  it  gives  no  precipi- 
tate after  filtration  by  the  acetate.  The -entire  biliary  ingredients, 
therefore,  of  human  bile  are  precipitated  by  both  or  either  of  the 
salts  of  lead. 

In  pig's  bile  no  crystallizable  ingredient  has  been  discovered,  but 
the  ether-prectpitate  is  altogether  resinous  in  appearance.  Ita 
watery  solution,  however,  is  abundantly  precipitated,  as  in  human 

ibile,  by  both  the  acetate  and  subacetate  of  lead. 

Different  kinds  of  bile  v.iry  ako  in  other  respects;  as,  for  ex- 
ample, their  specific  gravity,  the  depth  and  tinge  of  their  color,  the 

I  quantity  of  fat  which  they  contain,  &c.  &c.      We  have  already 

^mentiune^l  the  variations  in  color  and  specific  gravity.  The  alco- 
hulio  solution  of  dried  ox-bile,  furthermore,  does  not  precipitate  at 

'all  on  the  addition  of  water;  while  that  of  human  bile,  of  pig's 
bile,  and  of  dog's  bile  precipitate  abundantly  with  distilled  water, 
owing  to  the  qimutity  of  fat  which  they  huld  in  solutic)n.  These 
variations,  huwever,  are  of  secondary  importance  compared  with 

[those  which  we  have  already  mentioned,  and  which  show  that  the 
crystalline  and  resinous  substances  in  diiferent  kinds  of  bile,  though 
resembling  each  other  in  very  many  respects,  are  yet  in  reality  far 
from  being  identical. 

Tests  for  Bile. — In  investigating  the  physiology  of  any  animal 
fluid  it  is,  of  course,  of  the  first  im|)ortance  to  have  a  convenient 
and  reliable  test  by  which  its  presence  may  be  detected.  For  a 
long  time  the  only  test  employed  in  the  case  of  bile,  was  that  which 
depended  on  a  change  of  color  jfr'>dnceil  by  oxidizing  substances.  If 
the  bile,  for  example,  or  a  mixture  containing  bile,  be  exposed  in 
an  open  glass  vessel  for  a  few  hour.^  the  upper  layer.«<  of  the  fluid, 
which  are  in  contact  with  the  atmosphere,  gradually  assume  a 
greenish  tinge,  which  becomes  deeper  with  the  length  of  time  which 
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elapses,  and  the  quantity  of  bile  existing  in  the  fluid.  Nitric  acid, 
added  to  a  mixture  of  bile  and  shaken  up,  produces  a  dense  preci- 
pitate  which  takes  a  bright  grass-green  hue.  Tincture  of  iodine 
produces  the  same  change  of  color,  when  added  in  small  quantity ; 
iand  probably  there  are  various  other  substances  which  would  have 
the  same  effect  It  is  by  this  test  that  the  bile  has  so  often  been 
Tecognized  in  the  urine,  serous  effusions,  the  solid  tissues,  &c.,  in 
cases  of  jaundice.  But  it  is  very  insufficient  for  anything  like 
accurate  investigation,  since  the  appearances  are  produced  simply 
^by  the  action  of  an  oxidizing  agent  on  the  coloring  matter  of  the 
"bile.  A  green  color  produced  by  nitric  acid  does  not,  therefore, 
indicate  the  presence  of  the  biliary  substances  proper,  but  only  of 
the  biliverdine.  On  the  other  hand,  if  the  coloring  matter  be  ab- 
sent, the  biliary  substances  themselves  cannot  be  detected  by  it. 
For  if  the  biliary  substances  of  dog's  bile  be  precipitated  by  ether 
from  an  alcoholic  solution,  dissolved  in  water  and  decolorized  by 
animal  charcoal,  the  colorless  watery  solution  will  then  give  no 
green  color  on  the  addition  of  nitric  acid  or  tincture  of  iodine, 
though  it  may  precipitate  abundantly  by  subacetate  of  lead,  and 
give  the  other  reactions  of  the  crystalline  and  resinous  biliary 
matters  in  a  perfectly  distinct  manner. 

Pettenko/er's  Test. — This  is  undoubtedly  the  best  test  yet  pro- 
posed for  the  detection  of  the  biliary  substances.  It  consists  in 
mixing  with  a  watery  solution  of  the  bile,  or  of  the  biliary  sub- 
stances, a  little  cane  sugar,  and  then  adding  sulphuric  acid  to  the 
mixture  until  a  red,  lake,  or  purple  color  is  produced.  A  solution 
may  be  made  of  cane  sugar,  in  the  proportion  of  one  part  of  sugar  to 
four  parts  of  water,  and  kept  for  use.  One  drop  of  this  solution  is 
mixed  with  the  suspected  fluid,  and  the  sulphuric  acid  then  imme- 
diately added.  On  flrst  dropping  in  the  sulphuric  acid,  a  whitish 
precipitate  falls,  which  is  abundant  in  the  case  of  ox-bile,  less  so  in 
that  of  the  dog.  This  precipitate  redissolves  in  a  slight  excess  of 
sulphuric  acid,  which  should  then  continue  to  be  added  until  the 
mixture  assumes  a  somewhat  syrupy  consistency  and  an  opalescent 
look,  owing  to  the  development  of  minute  bubbles  of  air.  A  red 
color  then  begins  to  show  itself  at  the  bottom  of  the  test-tube,  and 
afterward  spreads  through  the  mixture,  until  the  whole  fluid  is  of 
s  clear,  bright,  cherry  red.  This  color  gradually  changes  to  a  lake, 
and  finally  to  a  deep,  rich,  opaque  purple.  If  three  or  four  vol- 
umes of  water  be  then  added  to  the  mixture,  a  copious  precipitate 
falls  down,  and  the  color  is  destroyed. 

Various  circumstances  modify,  to  some  extent,  the  rapidity  and 
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distinctness  with  which  the  above  changes  are  produced.  If  the 
biliary  substances  be  present  in  large  quantity,  and  nearly  pure, 
tlie  red  color  shows  itself  at  once  after  adding  an  equal  volume  of 
sulphuric  acid,  and  almost  immediately  passes  into  a  strong  purple. 
If  they  be  scanty,  on  the  other  hand,  the  red  color  may  not  show 
itself  for  seven  or  eight  minutes,  nor  the  purple  under  twenty 
or  twenty-five  minutes.  li'  foreign  matters,  again,  not  of  a  biliary 
nature,  be  also  present,  they  are  apt  to  be  acted  on  by  the  sulphurjo 
acid,  and,  by  becoming  discolored,  interfere  with  the  clearue^ss  and 
brilliancy  of  the  tinges  produced.  On  this  account  it  is  indisi^en- 
sable,  in  delicate  examinations,  to  evaporate  the  suspected  fluid  to 
dryness,  extract  the  dry  residue  with  absolute  alcohol,  precipitate 
the  alcoholic  solution  with  ether,  and  dissolve  the  ether-precipitate 
in  water  before  applying  the  test.  In  this  manner,  all  foreign  sub- 
stances which  might  do  barm  will  be  eliminated,  and  the  test  will 
succeed  without  difficulty. 

It  must  not  be  forgotten,  furthermore,  that  the  sugar  itself  is 
liable  to  be  acted  on  and  discolored  by  sulphuric  acid  when  added 
in  excess,  and  may  therefore  by  itself  give  rise  to  confusion.  A  little 
care  and  practice,  however,  will  enable  the  experimenter  to  avoid 
all  cliiince  of  deception  from  this  source.  When  sulphuric  acid  is 
mixed  with  a  watery  solution  containing  cane  sugar,  after  it  has 
been  added  in  considerable  excess,  a  yellowish  color  begins  to  show 
itself,  owing  to  the  commencing  decomposition  of  the  sugar.  This 
color  gradually  deepens  until  it  has  become  a  dark,  dingy,  muddy 
brown ;  but  there  is  never  at  any  time  any  clear  red  or  puri)le 
color,  unless  biliary  matters  bo  present.  If  the  bile  bo  present  in 
but  small  quantity,  the  colors  produced  by  it  may  be  modified  and 
obscured  by  the  dingy  yellow  and  brown  of  the  sugar ;  but  even 
this  difficulty  may  be  avoided  by  paying  attention  to  the  following 
precautions.  In  the  first  place,  only  very  little  sugar  should  be 
added  to  the  suspected  fluid.  In  the  second  place,  the  sulphuric 
acid  should  be  added  very  gradually,  and  the  mixture  closely 
watched  to  detect  the  first  changes  of  color.  If  bile  be  present,  the 
red  color  peculiar  to  it  is  alway.s  produced  before  the  yellowish 
tinge  which  indicates  the  decomposition  of  the  sugar.  When  the 
biliary  matters,  therefore,  are  present  in  small  quantity,  the  addi- 
tion  of  sulphurifl  acid  should  bo  stopped  at  that  point,  and  the 
colors,  though  faint,  will  then  remain  clear,  and  give  unmistakable 
evidence  of  the  presence  of  bile. 

The  red  color  alone  is  not  sufficient  as  an  indication  of  bile.  It 
is  in  fact  only  the  commencemeDt  of  the  change  which  indicates  the 
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biliary  matters.     Tf  these  matters  be  present,  tlie  color  passes,  a.s 

"we  have  already  mentioned,  first  into  a  take,  then  intjc>  a  purple; 

and  it  is  this  lake  and  purple  color  alone  which  can  be  regarded  aa 

really  characteristic  of  the  biliary  reaction. 

It  is  important  to  observe  that  Pettenkofer's  reaction  is  proiluce*! 

by  the  presence  of  either  or  both  of  the  biliary  substances  proper; 
uiid  id  not  at  all  dependent  on  the  coloring  matter  of  the  bile.  For 
if  ihe  two  biliary  sub.stances,  crystalline  and  reainous,  be  extractetl 
by  the  process  above  described,  and,  alter  being  dissolved  in  water, 
decolorize<l  with  animal  charcoal,  the  watery  solution  will  still  give 
Pettenkofer's  reaction  perfectly,  though  no  coloring  matter  be  pre- 
mt,  and  though  no  green  tinge  can  be  proiluced  by  the  addition 
nitric  acid  or  tincture  of  iodine.  If  the  two  biliary  substances 
be  then  separated  from  each  other,  and  tested  in  distinct  solutions, 
each  solution  will  give  the  same  reaction  promptly  and  completely. 
Various  objections  have  been  urged  against  this  test.  It  has 
been  stated  to  be  uncertain  and  variable  in  its  action.  Robin  and 
Venleil'  say  that  its  reactions  "do  not  belong  exclusively  to  the 
gMle,  and  may  therefore  give  rise  to  mistakes."  Some  fatty  sub- 
^^fences  and  volatile  oils  (olcine,  oleic  acid,  oil  of  turpentine,  oil  of 
caraway)  have  been  stated  to  produce  similar  red  and  violet  colors, 
when  treated  with  sugar  and  sulphuric  acid.  These  objections, 
however,  have  not  much,  if  any.  pi-actic:il  weight.  The  test  no 
doubt  requires  some  care  and  practice  in  its  application,  as  we  have 
already  pointed  out ;  but  this  i.s  the  ca.se  also,  to  a  greater  or  les3 
extent,  with  nearly  ail  chetnical  te,st:<,  and  particularly  with  those 
for  substances  of  organic  origin.  No  other  substance  is.  in  point 
of  fact,  liable  to  be  met  with  in  the  intestinal  fluids  or  the  blood, 
which  would  simulate  the  reactions  of  the  biliary  matters.  We 
have  found  that  the  fatty  matters  of  the  chyle,  taken  from  the  tlio 
racic  duct,  do  not  give  any  coloration  which  would  be  mistaken  for 
that  of  the  bile.  When  the  volatile  oils  (caraway  and  turpentine) 
are  acted  on  by  sulphuric  acid,  a  red  color  is  produced  which  after 
ward  becomes  brown  and  blackish,  and  a  peculiar,  tarry,  empyreu- 
matic  odor  is  developed  at  the  same  time;  but  we  do  not  get  tlie 
Like  and  purple  colors  epukcn  of  above.  Finally,  if  the  precaution 
be  observed — first  of  extracting  the  suspected  matters  with  absolute 
alcohol,  then  precipitating  with  ether  and  dissolving  the  precipitate 
in  water,  no  ambiguity  could  result  from  the  presence  of  any  of  the 
above  substances. 

'  Op.  clt.,  vol.  ii.  p.  468. 
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Pettenkofer's  test,  tben,  if  used  vrlih  care,  is  extremely  useful, 
and  may  lead  to  many  valuable  results.  Indeed,  no  other  test  than 
this  can  be  at  all  relied  on  to  determine  the  presence  or  absence  of 
the  biliary  substances  proper. 

Vartatioks  and  Functions  of  Bile.— With  regard  to  the 
entire  qnantity  of  bile  secreted  daily,  we  Lave  had  no  very  positive 
knowledge,  until  the  experiments  of  Bidder  and  Schmidt,  publisheil 
iu  1852.'  These  experiments  were  performed  on  cats,  dogs,  sheep, 
and  rabbits,  in  the  following  manner.  The  abdomen  was  opened. 
and  a  ligature  placed  ujiun  the  ductus  communis  choledochus,  so 
as  to  prevent  the  bile  finding  its  way  into  the  intestine.  An  open> 
ing  Wits  then  made  in  the  fundus  of  the  gall-bladder,  by  which 
tlie  bile  was  discharged  externally.  The  bile,  so  discharged,  was 
received  into  previously  weighed  vessels,  and  its  quantity  accurately 
determined.  Each  observation  usually  occupied  about  two  hourflv 
during  which  period  the  temporary  fluctuations  occasionally  observ- 
able in  the  quantity  of  bile  discharged  were  mutually  corrected,  80 
far  as  the  entire  result  was  concerned.  The  animal  was  then  killed, 
weiijhed,  and  carefully  examined,  in  order  to  make  sure  that  the 
biliary  duct  had  been  securely  tied,  and  that  no  inflammatory  alter- 
ation had  taken  place  in  the  abdominal  organs.  The  observations 
were  made  at  very  dift'erent  periods  after  the  last  meaJ,  so  as  to 
determine  the  influence  exerted  by  the  digestive  process  upon  the 
lajiidity  of  the  secretion.  The  average  quantity  of  bile  for  twenty- 
four  hours  was  then  calculated  from  a  comparison  of  the  above 
results ;  and  the  quantity  of  its  solid  ingredients  was  also  ascer- 
tained in  each  instance  by  evaporating  a  portion  of  the  bile  iu  the 
water  bath,  and  weighing  the  dry  residue. 

Bidder  and  Schmidt  found  in  this  way  that  the  daily  quantity 
of  bile  varied  considerably  in  dificrent  species  of  animals.  It  wa.s 
very  much  greater  in  the  herbivorous  animals  used  for  experiment 
than  in  the  carnivora.  The  results  obtained  by  these  observers 
are  as  follows; — 

For  every  pound  weight  of  the  entire  body  there  is  secreted 
during  twenty-four  hours 

Fre8b  Bile.  Dht  Rbmdub. 

Intlieoat 102  gninfl.  6.712  grains. 

•'dog 140    "  6.«18    •• 

"      8heep 178     *'  9.406     " 

"      rabbit 9S8    "  17-290    •• 

■  y«rdaang»sa«ft«  and  Sioffwecbsel.     Leipiig,  1862. 
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Since,  in  the  human  subject,  the  digestive  processes  and  the 
nutritive  actions  generally  resemble  those  of  the  carnivora,  rather 
than  those  of  the  herbivora,  it  is  probable  that  the  daily  quantity 
of  bile  in  man  is  very  similar  to  that  in  the  carnivorous  animals. 
If  we  apply  to  the  human  subject  the  average  results  obtained  by 
Bidder  and  Schmidt  from  the  cat  and  dog,  we  find  that,  in  an  adult 
man,  weighing  140  pounds,  the  daily  quantity  of  the  bile  will  be 
certainly  not  less  than  IGj^iO  grains,  or  \ery  nearly  2J  pounds 
avoirdapois. 

It  is  a  matter  of  great  importance,  in  regard  to  the  biic,  as  well 
as  the  other  intestinal  fluids,  to  ascertain  whether  it  be  a  constant 
secretion,  like  the  urine  and  perspiration,  or  whether  it  be  intermit- 
ttnt,  like  the  gastric  juice,  and  discharged  only  during  the  digestive 
process.  In  order  to  determine  this  point,  we  have  performed  the 
following  series  of  experiments  on  dogs.  The  animals  were  kept 
confined,  and  killed  at  various  periods  after  feeding,  sometimes  by 
the  inoculation  of  woorara,  sometimes  by  hydrocyanic  acid,  but 
most  frequently  by  section  of  the  medulla  oblongata.  The  con- 
tents of  the  intestine  were  then  collected  and  examined.  In  all 
instances,  the  bile  was  also  taken  from  the  gall-bladder,  and  treated 
in  the  same  way,  for  purposes  of  comparison.  The  intestinal  con- 
tents always  presented  some  peculiarities  of  appearance  when  treated 
nith  alcohol  and  ether,  owing  probably  to  the  presence  of  other 
substances  than  the  bile ;  but  the}'  always  gave  evidence  of  the 
presence  of  biliary  matters 


aa  well.  The  biliary  sub- 
stances could  almost  always 
be  recognized  by  the  mi- 
croscope in  the  ether  preci- 
pitate of  the  alcoholic  solu- 
tion; the  resinous  substance, 
under  the  form  of  rounded, 
oily-looking  drops  (Fig.  53), 
and  the  other,  under  the 
form  of  crystalline  groups, 
generally  presenting  the 
afipearance  of  double  bun- 
dles of  slender,  radiating, 
slightly  curved  or  wavy, 
tieedle  -  shaped  crystals. 
These  substances,  dissolved 
in    water,  gave    a    purple 


Fig.  68. 
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color  with  sugar  and  Bulpburic  acid.  These  experiments  were 
tried  after  the  animals  had  been  kept  for  one,  two,  three,  five,  six, 
seven,  eight,  and  twelve  daya  without  food.  The  result  showed  tbal, 
in  all  these  instances,  bile  was  present  in  the  small  intesdue.  It  is, 
therefore,  plainly  not  an  intermittent  secretion,  nor  one  which  is 
concerned  exclusively  in  the  digestive  process;  but  its  secretion  ia 
constant,  and  it  continues  to  be  discharged  into  the  intestlxie  for 
many  days  after  the  auiinal  haa  been  deprived  of  food. 


The  next  point  of  importance  to  be  examined  relates  to  the  timf 
after  feeding  at  which  Ifie  bile  passes  i}ito  the  intestine  in  the  great<ist 
abundance.  Bidder  and  Schmidt  have  already  investigated  this 
point  in  the  following  manner.  They  operated,  as  above  described. 
by  tying  the  common  bile-duct,  and  then  opening  the  fundus  of  the 
gall-bladder,  so  as  to  produce  a  biliary  fistula,  by  which  the  whole 
ot  the  bile  was  drawn  off.  By  doing  this  operation,  and  collecting 
aud  weighing  the  fluid  discharged  at  different  jteriods,  they  came 

to  the  conclusion  that  the  flow 


Fig.  64. 


DVODIIIIAI.  FlVTCLA.— n  RiolBMh.  b.  Duo- 
tcoam.  c  7,  e.  rBnera«>;  lu  (iro  dncM  arsteea 
opening  iota  tbft  daodeaam,  ohe  n^ttt  IbeorlBce 
of  the  btllikrf  duel,  d,  (ha  mh4>r  a  ibort  dlRlancg 
lowrr  duwD.  r.  Sllirr  tub«  paxaieg  (hi«ii|(ti  <lia 
kbdoBlaal  WKlUaod  op«BlDx  into  thedootleancn. 


<  In  Am.  Jnarn.  Med.  Soi.,  April,  186C. 


of  bile  begins  to  increase  within 
two  and  a  half  hours  after  the 
introduction  of  food  into  i\\e 
stomach,  but  that  it  does  not 
reach  its  maximum  of  activity 
till  the  end  of  twelve  or  fifteen 
hours.  Other  observers,  how- 
ever, have  obtained  difierent 
results.  Arnold,'  for  exaoiple, 
found  the  quantity  to  be  largest 
soon  after  meals,  decreasing 
again  after  the  fourth  hoar. 
KtiUiker  and  Miiller,*  again, 
found  it  largest  between  the 
sixth  and  eighth  houra.  Bidder 
and  Schmidt's  experiments^  in- 
deed, strictly  speaking,  show 
only  the  time  at  which  the  bile 
13  most  actively  secreted  by  the 
liver,  but  not  when  it  is  actually 
discharged  into  the  intestine. 
Our  own   experiments,  bear* 

•  Ibid.,  April,  1867. 
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ing  on  this  point,  were  performed  on  dogs,  by  making  a  permanent 
duodenal  fistula,  on  the  same  plan  that  gastric  fistulas  have  so  often 
been  establbhed  for  the  examination  of  the  gastric  juice.  (Fig.  54.) 
An  incision  was  made  through  the  abdominal  walls,  a  short  distance 
to  the  right  of  the  median  line,  the  floating  portion  of  the  duodenum 
drawn  up  toward  the  external  wound,  opened  by  a  longitudinal  in- 
cision, and  a  silver  tube,  armed  at  each  end  with  a  narrow  projecting 
collar  or  flange,  inserted  into  it  by  one  extremity,  five  and  a  half 
inches  below  the  pylorus,  and  two  and  a  half  inches  below  the 
orifice  of  the  lower  pancreatic  duct.  The  other  extremity  of  the 
tube  was  left  projecting  from  the  external  opening  in  the  abdominal 
parietes,  the  parts  secured  by  sutures,  and  the  wound  allowed  to 
heal.  After  cicatrization  was  complete,  and  the  animal  had  entirely 
recovered  his  healthy  condition  and  appetite,  the  intestinal  fluids 
were  drawn  off  at  various  intervals  after  feeding,  and  their  contents 
examined.  This  operation,  which  is  rather  more  difficult  than  that 
of  making  a  permanent  gastric  fistula,  is  nevertheless  exceedingly 
useful  when  it  succeeds,  since  it  enables  us  to  study,  not  only  the 
time  and  rate  of  the  biliary  discharge,  but  also,  as  mentioned  in  a 
previous  chapter  (Chap.  VI.),  many  other  extremely  interesting 
matters  connected  with  intestinal  digestion. 

In  order  to  ascertain  the  absolute  quantity  of  bile  discharged 
into  the  intestine,  and  its  variations  during  digestion,  the  duodenal 
fluids  were  drawn  ofi^  for  fifteen  minutes  at  a  time,  at  various 
periods  after  feeding,  collected,  weighed,  and  examined  separately, 
aa  follows :  each  separate  quantity  was  evaporated  to  dryness,  its 
dry  residue  extracted  with  absolute  alcohol,  the  alcoholic  solution 
precipitated  with  ether,  and  the  ether-precipitate,  regarded  as  repre- 
senting the  amount  of  biliary  matters  present,  dried,  weighed,  and 
then  treated  with  Pettenkofer's  test,  in  order  to  determine,  as  nearly 
as  possible,  their  degree  of  purity  or  admixture.  The  result  of 
these  experiments  is  given  in  the  following  table.  At  the  eigh- 
teenth hour  so  small  a  quantity  of  fluid  was  obtained  that  the 
amount  of  its  biliary  ingredients  was  not  ascertained.  It  reacted 
jjerfectly,  however,  with  Pettenkofer's  test,  showing  that  bile  was 
really  present. 
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From  this  it  appears  that  the  bile  passes  into  the  intestine  in  hy 
far  the  largest  quantity  immediately  ai\er  feeding,  and  within  ihe-^^  ^   i 
first  hour.    After  that  time  its  discharge  remains  pretty  constant;^     »    I 
not  varying  much  from  four  grains  of  solid  biliary  matters  every  "^9 
fifteen  minutes,  or  sixteen  grains  per  hour.     The  animal  used  for  - — ■" 
the  above  observations  weighed  thirty-six  and  a  half  pounds.  I 

The  next  point  to  be  ascertained  with  regard  to  this  question  is^M^H 
the  following,  viz :  What  becomes  of  the  bile  m  its  passarje  through-  --^^B 
the  intestine?  Our  experiments,  performed  with  a  view  of  .settling — 
this  point,  were  tried  on  dogs.  The  animals  were  fed  with  fresh 
meat,  and  then  killed  at  various  intervals  after  the  meals,  the  aUlo- 
men  opened,  ligatures  placed  upon  the  intestine  at  various  point.'', 
and  the  contents  of  its  upper,  middle,  and  lower  portions  coUectei 
and  examined  separately.  The  results  thus  obtained  show  that, 
under  ordinary  circumstances,  the  bile,  which  is  quite  abundant  in_ 
the  duodenum  and  upper  part  of  the  small  intestine,  diminishes  in 
quantity  from  above  downward,  and  is  not  to  be  found  in  the  larger 
intestine.  The  entire  quantity  of  the  intestinal  contents  also  dimi- 
nishes, and  their  consistency  increases,  as  we  approach  the  ileo— 
csecal  valve ;  and  at  the  same  time  their  color  changes  from  a  lights 
yellow  to  a  dark  bronze  or  blackish-green,  which  is  always  strongly 
pronounced  in  the  last  quarter  of  the  small  intestine. 

The  contents  of  the  small  and  largo  intestine  were  furthermore 
evaporated  to  dryness,  extracted  with  absolute  alcohol,  and  th^ 
alcoholic  solutions  precipitated  with  ether;  the  quantity  of  ether- 
precipitate  being  regarded  as  represeuting  approximately  that  of 
the  biliary  substances  proper.  The  result  showed  that  the  quantity 
of  this  ether-precipitate  is,  both  positively  and  relatively,  very  much 
less  in  the  large  intestine  than  in  the  small.  Its  proportion  to  the 
entire  solid  contents  is  only  one-fiflh  or  one-sixth  as  great  in  the 
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large  intestine  as  it  is  in  the  small.  But  even  this  inconsiderable 
quantity,  found  in  contents  of  the  large  intestine,  does  not  con- 
sist of  biliary  matters ;  for  the  watery  solutions  being  treated  with 
sugar  and  sulphuric  acid,  those  from  both  the  upper  and  lower 
portions  of  the  small  intestine  always  gave  Fettenkofer's  reaction 
promptly  and  perfectly  in  less  than  a  minute  and  a  half;  while  in 
that  from  the  large  intestine  no  red  or  purple  color  was  produced, 
evea  at  the  end  of  three  hours. 

The  small  intestine  consequently  contains,  at  all  times,  substances 
giving  all  the  reactions  of  the  biliary  ingredients;  while  in  the 
contents  of  the  large  intestine  no  such  substances  can  be  recognized 
by  Fettenkofer's  test. 

The  biliary  matters,  therefore,  disappear  in  their  passage  through 
the  intestine. 

In  endeavoring  to  ascertain  what  is  the  precise /unc^tbn  of  the  bile 
n  the  intestine,  our  first  object  must  be  to  determine  what  part,  if 
aiy,  it  takes  in  the  digestive  process.  As  the  liver  is  situated,  like 
he  salivary  glands  and  the  pancreas,  in  the  immediate  vicinity  of 
he  alimentary  canal,  and  like  them,  discharges  its  secretion  into 
he  cavity  of  the  intestine,  it  seems  at  first  natural  to  regard  the 
)ile  as  one  of  the  digestive  fluids.  "We  have  previously  shown, 
lowever,  that  the  digestion  of  all  the  different  elements  of  the  food 
8  provided  for  by  other  secretions ;  and  furthermore,  if  we  examine 
tzperimentally  the  digestive  power  of  bile  on  alimentary  substances, 
nre  obtain  only  a  negative  result.  Bile  exerts  no  special  action  upon 
^ther  albuminoid,  starchy,  or  oleaginous  matters,  when  mixed  with 
them  in  test-tubes  and  kept  at  the  temperature  of  100°  F.  It  has 
dierefore,  apparently,  no  direct  influence  in  the  digestion  of  these 
sabetances. 

It  is  a  very  remarkable  fact,  in  this  connection,  that  the  bile  pre- 
eipitates  by  contact  with  the  gastric  juice.  If  four  drops  of  dog's  bile 
be  added  to  5j  of  gastric  juice  from  the  same  animal,  a  copious 
ydlowish-white  precipitate  falls  down,  which  contains  the  whole  of 
th6  coloring  matter  of  the  bile  which  has  been  added ;  and  if  the 
mixture  be  then  filtered,  the  filtered  fluid  passes  through  quite 
eolorlees.  The  gastric  juice,  however,  still  retains  its  acid  reaction. 
This  precipitation  depends  upon  the  presence  of  the  biliary  sub- 
stances proper,  viz.,  the  glyko-cholate  and  tauro-cholate  of  soda,  and 
mA  upon  that  of  the  incidental  ingredients  of  the  bile.  For  if  the 
bile  be  evaporated  to  dryness  and  the  biliary  substances  extracted 
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by  alcohol  and  precipitated  by  ether,  as  above  described,  tl 
watery  solution  will  precipitate  with  gastric  juice,  in  the  sa 
manner  as  fresh  bile  would  do. 

Although  the  biliary  matters,  however,  precipitate  by  contact 
with  fresh  gastric  juice,  tfu^y  do  not  d^t  so  with  gustric  Juice  which  futlds 
alhuminose  in  solution.  We  have  invariably  found  that  if  the  gas- 
tric juice  be  digested  for  several  hours  at  the  temperature  of  100" 
F.,  with  boiled  white  of  egg,  the  filtered  fluid,  which  contains  an 
abundance  of  albuminose,  will  no  longer  give  the  slightest  precipi- 
tate on  the  addition  of  bile,  or  of  a  watery  solution  of  the  biliary 
substances,  even  in  very  large  amount.  The  gastric  juice  and  the 
bile,  therefore,  are  not  finally  antagonUtic  to  each  other  in  the 
digestive  process,  though  at  first  they  produce  a  precipitate  on 
being  mingled  together. 

It  appears,  however,  from  the  experiments  detailed  above,  that 
the  secretion  of  the  bile  and  its  discharge  into  the  intestine  are  not 
confined  to  the  periods  of  digestion,  but  take  place  constantly,  and 
continue  even  after  the  animal  has  been  kept  for  many  days  with- 
out food.  These  facts  would  lead  us  to  regard  the  bile  as  simply 
an  excrementitious  Jiuid ;  containing  only  ingredients  resulting  from 
the  waste  and  disintegration  of  the  animal  tissues,  and  not  intended 
to  perform  any  particular  function,  digestive  or  otherwise,  but 
merely  to  be  eliminated  from  the  blood,  and  discharged  from  the 
system.  The  same  view  is  more  or  less  supported,  alao,  by  the 
following  facts,  viz : — 

1st.  The  bile  is  produced,  unlike  all  the  other  animal  secretiona, 
from  venous  blood ;  that  is,  the  blood  of  the  portal  vein,  which  has 
already  become  contaminated  by  circulation  through  the  abdominal 
organs,  and  may  be  supposed  to  contain  disorganized  and  effete  in- 
gredients; and 

2d.  Its  complete  suppression  produces,  in  the  human  subject, 
symptoms  of  poisoning  of  the  nervous  system,  analogous  to  those 
which  follow  the  suppression  of  the  urine,  or  the  stoppage  of  respi- 
ration, and  the  patient  dies,  usually  in  a  comatose  condition,  at  the 
end  of  ten  or  twelve  days. 

The  above  circumstances,  taken  together,  would  combine  to 
make  it  appear  that  the  bile  is  simply  an  excrementitious  fluid,  not 
necessary  or  useful  as  a  secretion,  but  only  destined,  like  the  urine, 
to  be  eliminated  and  discharged.  Nevertheless,  experiment  baa 
shown  that  such  is  not  the  case ;  and  that,  in  point  of  fact,  it  is 
necessary  for  the  life  of  the  animal,  not  only  that  the  bile  be  secreted 
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and  discharged,  but  farthermore  that  it  be  discharged  into  the 
intestine,  and  pass  through  the  tract  of  the  alimentary  canal.  The 
most  satisfactory  experiments  of  this  kind  are  those  of  Bidder  and 
Schmidt,'  in  which  they  tied  the  conunon  biliary  duct  in  dogs,  and 
then  established  a  permanent  fistula  in  the  fundus  of  the  gall-bladder, 
through  which  the  bile  was  allowed  to  flow  by  a  free  external  orifice. 
In  this  manner  the  bile  was  efiectually  excluded  from  the  intestine, 
but  at  the  same  time  was  freely  and  wholly  discharged  from  the 
body,  by  the  artificial  fistula.  If  the  bile  therefore  were  simply  an 
excrementitious  fluid,  its  deleterious  ingredients  being  all  eliminated 
as  usual,  the  animals  would  not  suffer  any  serious  injury  from  this 
(^ration.  If,  on  die  contrary,  they  were  found  to  suffer  or  die  in 
consequence  of  it,  it  would  show  that  the  bile  has  really  some 
important  function  to  perform  in  the  intestinal  canal,  and  is  not 
simply  excrementitious  in  its  nature. 

The  result  showed  that  the  effects  of  such  an  experiment  were 
&tal  to  the  animal.  Four  dogs  only  survived  the  immediate  effects 
of  the  operation,  and  were  afterward  frequently  used  for  purpoises 
of  experupCnt.  One  of  them  was  an  animal  from  which  the  spleen 
had  b^n-  previously  removed,  and  whose  appetite,  as  usual  after 
this  operation,  was  morbidly  ravenous;  his  system,  accordingly, 
being  placed  under  such  unnatural  conditions  as  to  make  him  an 
unfit  subject  for  further  experiment.  In  the  second  animal  that 
survived,  the  communication  of  the  biliary  duct  with  the  intestine 
became  re-established  after  eighteen  days,  and  the  experiment  con- 
sequently had  no  result.  In  the  remaining  two  animals,  however, 
everything  was  successful.  The  fistula  in  the  gall-bladder  became 
permanently  established ;  and  the  bile-duct,  as  was  proved  subse- 
quently by  post-mortem  examination,  remained  completely  closed, 
so  that  no  bile  found  its  way  into  the  intestine.  Both  these  ani- 
mala  died ;  one  of  them  at  the  end  of  twenty-seven  days,  the  other 
at  the  end  of  thirty-six  days.  In  both,  the  symptoms  were  nearly 
the  same,  viz.,  constant  and  progressive  emaciation,  which  proceeded 
to  such  a  degree  that  nearly  every  trace  of  fat  disappeared  from  the 
body.  The  loss  of  flesh  amounted,  in  one  case,  to  more  than  two- 
fifths,  and  in  the  other  to  nearly  one-half  the  entire  weight  of  the 
animal.  There  was  also  a  falling  off'  of  the  hair,  and  an  unusually 
disagreeable,  putrescent  odor  in  the  feces  and  in  the  breath.  Not- 
withasanding  this,  the  appetite  remained  good.    Digestion  was  not 

>  Op.  oit.,  p.  103. 
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essentially  interfered  with,  and  none  of  the  food  was  discbargiefl. 
with  the  feces;  but  there  was  muoh  rumbling  and  gurgling  in  the 
intestines,  and  abundant  discharge  of  flatus,  more  strongl3'  marked 
in  one  instance  than  in  the  other.  There  was  no  pain ;  and  death 
took  place,  at  last,  without  any  violent  symptoms,  but  by  a  simple 
and  gradual  failure  of  the  vital  powers. 

A  similar  experiment  has  been  successfully  performed  by  Prof. 
A.  Flint,  Jr.'  In  this  instance  the  animal  lived  for  thirty-eight 
days  after  the  operation,  and  died  finally  of  inanition ;  the  symp- 
toms agreeing  in  every  important  particular,  with  those  repo: 
by  Bidder  and  Schmidt, 

How  is  it,  then,  that  although  the  bile  be  not  an  active  agent 
digestion,  its  presence  in  the  alimentary  canal  is  still  essential  t 
life  ?     What  office  does  it  perform  there,  and  how  is  it  finally  d 
posed  of? 

We  have  already  shown  that  the  bile  disappears  in  its 
through  the  intestine.     This  disappearance  may  be  explained  i 
two  different  ways.     First,  the  biliary  matters  may  be  actually 
absorbed  from  the  intestine,  and  taken  up  by  the  bloodvessels ;  o 
secondly,  lliey  may  be  so  altered  and  decomposed  by  the  intestina 
fluids  as  to  lose  the  power  of  giving  Pettenkofer's  reaction  wit 
sugar  and  sulphuric  acid,  and  so  pass  off  with  the  feces  in  a 
insoluble  form.     Bidder  and  Schmidt'  have  finally  determined  th 
point  in  a  satisfactory  manner ;  and  have  demonstrated  that  tb 
biliary  substances  are  actually  reabsorbed,  by  showing  that   th 
quantity  of  sulphur  present   in  the  feces   is  far  inferior   to  tha: 
contained  in  the  biliary  ingretlicnts  as  they  are  discharged  into  th 
intestine. 

These  observers  collected  and  analyzed  all  the  feces  passed,  dur 
ing  five  days,  by  a  healthy  dog,  weighing  17.7  pounds.     The  enti 
fecal  mass  during  this  period  weighed  1508.15  grains, 
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The  solid  residae  was  composed  as  follows : — 

Nentnl  fot,  solnble  in  ether    .        .    43.710  grains. 

F«t,  with  trftoes  of  biliary  matter    .     77.036        " 

Alcohol  extract  with  biliary  matter    68.900  containing  1.085  grs.  of  Bnlphor. 

Sabstanoes  not  of  a  biliary  nature 

extracted  by  mariatic  acid  and 

hot  alcohol  .        .        .        .  148.800  oonUining  1.302  grs.  of  ralphnr. 

2.387 
Fatty  aoida  with  oxide  of  iron        .     98.425 

Bfloidae  consisting  of  hair,  sand,  &o.,  207.080 

633.960 

Now,  as  it  has  already  been  shown  that  the  dog  secretes,  during 

24  hours,  6.916  grains  of  solid  biliary  matter  for  every  pound  weight 

of  the  whole  body,  the  entire  quantity  of  biliary  matter  secreted 

in  five  days  by  the  above  animal,  weighing  17.7  pounds,  must  have 

"been  612.5  grains,  or  nearly  as  much  as  the  whole  weight  of  the 

dried  feces.    But  furthermore,  the  natural  proportion  of  sulphur 

in  dog's  bile  (derived  from  the  uncrystallizable  biliary  matter),  is  six 

per  cent,  of  the  dry  residue.    The  612.6  grains  of  dry  bile,  secreted 

during  five  days,  contained,  therefore,  86.75  grains  of  sulphur. 

But  the  entire  quantity  of  sulphur,  existing  in  any  form  in  the 

feces,  was  5.952  grains ;  and  of  this  only  2.887  grains  were  derived 

from  substances  which  could  have  been  the  products  of  biliary 

matters — ^the  remainder  being  derived  from  the  hairs  which  are 

always  contained  in  abundance  in  the  feces  of  the  dog.    That  is, 

not  more  than  one-fifteenth  part  of  the  sulphur,  originally  present 

in  the  bile,  could  be  detected  in  the  feces.    As  this  is  a  simple 

chemical  element,  not  decomposable  by  any  known  means,  it  must, 

accordingly,  have  been  reabsorbed  from  the  intestine. 

We  have  endeavored  to  complete  the  evidence  thus  furnished  by 
Bidder  and  Schmidt,  and  to  demonstrate  directly  the  reabsorption 
of  the  biliary  matters,  by  searching  for  them  in  the  ingredients  of 
the  portal  blood.  We  have  examined,  for  this  purpose,  the  portal 
blood  of  dogs,  killed  at  various  periods  after  feeding.  The  animals 
were  killed  by  section  of  the  medulla  oblongata,  a  ligature  imme- 
diately placed  on  the  portal  vein,  while  the  circulation  was  still 
active,  and  the  requisite  quantity  of  blood  collected  by  opening 
the  vein.  The  blood  was  sometimes  immediately  evaporated  to 
dryness  by  the  water  bath.  Sometimes  it  was  coagulated  by  boil- 
ing in  a  porcelain  capsule,  over  a  spirit  lamp,  with  water  and  an 
excess  of  sulphate  of  soda,  and  the  filtered  watery  solution  after- 
ward examined.    But  most  frequently  the  blood,  after  being  col- 


lected  from  the  vein,  was  coagulated  by  the  gradual  addition  of 
three  times  its  volume  of  alcuhul  at  ninety-five  per  cent.,  stirriug 
the  mixture  constantly,  so  as  to  make  the  coagulation  gradual  and 
uniform.  It  was  then  filtered,  the  moist  mass  remaining  on  the  filter 
subjected  to  strong  pressure  in  a  linen  bag,  by  a  porcelain  press, 
and  the  fluid  thus  obtained  added  to  that  previously  filtered.  The 
entire  spirituous  solution  was  then  evaporated  to  dryness,  the  dry 
residue  extracted  with  absolute  alcohol,  and  the  alcoholic  solution 
treated  as  usual,  with  ether,  &c.,  to  discover  the  presence  of  biliary 
matters.  In  every  instance  blood  was  taken  at  the  same  time  from 
the  jugular  vein,  or  the  abdominal  vena  cava,  and  treated  in  the 
same  way  for  purposes  of  comparison. 

We  have  examined  the  blood,  in  this  way,  one,  four,  six,  nine, 
eleven  and  a  half,  twelve,  and  twenty  hours  after  feeding.  As  the 
result  of  these  examinations,  we  have  found  that  in  the  venous 
blood,  both  of  the  portal  vein  and  of  the  general  circulation,  there 
exbts  a  substance  soluble  in  water  and  absolute  alcohol,  and  pre- 
cipitable  by  ether  from  its  alcoholic  solution.  This  substance  is 
often  considerably  more  abundant  in  the  portal  blood  than  in  that 
taken  from  the  general  venous  system,  It  adheres  closely  to  the 
sides  of  the  glass  after  precipitation,  so  that  it  is  always  difficult, 
and  often  impossible,  to  obtain  enough  of  it,  mixed  with  ether,  for 
microscopic  examination.  It  dissolves,  also,  like  the  biliary  sub- 
stances, with  great  readiness  in  water;  but  in  no  instance  have  we 
ever  been  able  to  obtain  from  it  such  a  satisfactory  reaction  with 
Pettenkofer's  test,  as  would  indicate  the  presence  of  bile.  This  is 
not  because  the  reaction  is  msisked,  as  might  be  suspected,  by  some 
of  the  other  ingredients  of  the  blood ;  for  if  at  the  same  time,  two 
drops  of  bile  be  added  to  half  an  ounce  of  blood  taken  from  the 
abdominal  vena  cava,  and  the  two  specimens  treated  alike,  the  ether- 
precipitate  may  be  considered  more  abundant  in  the  case  of  the 
portal  blood ;  and  yet  that  from  the  blood  of  the  vena  cava,  dis- 
solved in  water,  will  give  Pettenkofer's  reaction  for  bile  perfectly, 
while  that  of  the  portal  blood  will  give  no  such  reaction. 

Notwithstanding,  then,  the  irresistible  evidence  afforded  by  the 
experiments  of  Bidder  and  Schmidt,  that  the  biliary  matters  are 
really  taken  up  by  the  portal  blood,  we  have  failed  to  recognize 
them  there  by  Pettenkofer's  test.  They  must  accordingly  undergo 
certain  alterations  in  the  intestine,  previously  to  their  absorption, 
so  that  they  no  longer  give  the  ordinary  reaction  of  the  biliary  sub- 
stances.   We  cannot  say,  at  present,  precisely  what  these  alterations 
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are ;  but  they  are  evidently  transformations  of  a  catalytic  nature, 
produced  by  the  contact  of  the  bile  with  the  intestinal  juices. 

The  bile,  therefore,  is  a  secretion  which  has  not  yet  accomplished 
its  function  when  it  is  discharged  from  the  liver  and  poured  into  the 
intestine.  On  the  contrary,  during  its  passage  through  the  intestine 
it  is  still  in  the  interior  of  the  body,  in  contact  with  glandular  sur- 
&ces,  and  mingled  with  various  organic  substances,  the  ingredients 
of  the  intestinal  fluids,  which  act  upon  it  as  catalytic  bodies,  and 
produce  in  it  new  transformations.  This  may  account  for  the  fact 
stated  above,  that  the  bile,  though  a  constant  and  uninterrupted 
aecretion,  is  nevertheless  poured  into  the  intestine  in  the  greatest 
abundance  immediately  after  a  hearty  meal.  This  is  not  because  it 
is  to  take  any  direct  part  in  the  digestion  of  the  food ;  but  because 
the  intestinal  fluids  being  themselves  present  at  that  time  in  the 
greatest  abundance,  can  then  act  upon  and  decompose  the  greatest 
quantity  of  bile.  At  all  events,  the  biliary  ingredients,  after  being 
altered  and  transformed  in  the  intestine,  as  they  might  be  in  the 
interior  of  a  glandular  organ,  re-enter  the  blood  under  some  new 
form,  and  are  carried  away  by  the  circulation,  to  complete  their 
function  in  some  other  part  of  the  body. 
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Beside  the  secretion  of  bile,  the  liver   performs  also  at 
exceetJinglj  important  function,  viz.,  the  irroduction  of  sugar  by  a 
metamorphosis  of  some  of  its  organic  ingredients. 

Under  ordinary  circumstances  a  considerable  quantity  of  sac- 
charine matter   is   introduced  with  the  food,  or   produced   from 
start'liy  substances,  by  the  digestive  process,  in  the  intestinal  canal 
In  man  and   the   herbivorous  animals,  accordingly,  an  abundant 
supply  of  sugar  is  derived  from  these  sources;  and,  as  we  have 
already  shown,  the  sugar  thus  introduced  is  necessary  for  the  proper 
support  of  the  vital  functions.     For  though  the  saccharine  matter 
absorbed  from  the  intestine  is  destroyed  by  decomposition  soon 
after  entering  the  circulation,  yet  the  chemical  changes  by  which 
its  decomposition  is  eifected  are  themselves  necessary  for  the  proper 
constitution  of  the  blood,  and  the  healthy  nutrition  of  the  tissues. 
Experiment  shows,  however,  that  the  system  does  not  depend,  for 
its  supply  of  sugar,  entirely  upon  external  sources :  but  that  sai 
charine  matter  is  also  produced  independently,  in  the  tissue  of  the 
liver,  whatever   may  be  the  nature  of  the  food  upon  which  tho^ 
animal  subsists.  fl 

This  important  function  was  first  discovered  by  M,  Claude  Ber- 
nard' in  1848,  and  described  by  him  under  the  name  of  the  glyco- 
genic function  of  the  liver. 

It  has  long  been  known  that  sugar  may  be  abundantly  secreted, 
under  some  circumstances,  when  no  vegetable  matters  have  been^ 
taken  with  the  food.  The  milk,  for  example,  of  all  animals,  car-  ™ 
nivorous  as  well  as  herbivorous,  contains  a  notable  proportion  of 
sugar ;  and  the  quantity  thus  secreted,  during  lactation,  is  in  some 
instances  very  great.  In  the  human  subject,  also,  when  suffering 
from  diabetes,  the  amount  of  saccharine  matter  discharged  with  the 
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wiDe  has  often  appeared  to  bo  altogether  out  of  pruportion  to  tliat 
which  could  be  accounted  for  by  the  vegetable  substances  taken  as 
food.  The  experiments  of  Bernard,  the  most  important  of  which 
we  have  repeatedly  confirmed,  in  common  with  other  investigators, 
show  that  in  these  instances  most  of  the  sugar  has  an  internal 
origin,  and  that  it  first  makes  its  appearance  iu  the  tissue  of  the 
liver. 

If  a  carnivorous  animal,  as,  for  example,  a  dog  or  a  cat,  be  fed 
for  several  days  exclusively  upon  meat,  and  then  killed,  the  liver 
alone  of  all  the  internal  organs  is  found  to  contain  sugar  among  its 
other  ingredients.  For  this  purpose,  a  portion  of  the  organ  should 
be  cut  into  small  pieces,  reduced  to  a  pulp  by  grinding  in  a  mortar 
with  a  little  water,  and  the  mixture  coagulated  by  boiling  with  an 
excess  of  sulphate  of  soda,  in  order  to  precipitate  the  albuminous 
aad  coloring  matters.  The  filtered  fluid  will  then  reduce  the  oxide 
of  copper,  with  great  readiness,  on  the  application  of  Trommer's 
ieat.  A  decoction  of  the  same  tissue^  mixed  with  a  little  yeast,  will 
also  give  rise  to  fermentation,  producing  alcohol  and  carbonic  acid, 
as  is  usual  with  saccharine  solution.^.  On  the  contrary,  the  tissues 
of  the  spleen,  the  kidneys,  the  lungs,  the  muscles,  &c.,  treated  in 
the  same  way,  give  no  indication  of  sugar,  and  do  not  reduce  the 
salts  of  copper.  Every  other  organ  in  the  body  may  be  entirely 
destitute  of  sugar,  but  the  liver  always  contains  it  in  considerable 
quantity,  pTovide<l  the  animal  be  healthy.  Even  the  blood  of  the 
portal  vein,  examined  by  a  similar  process,  contains  no  saccharine 
element,  and  yet  the  tissue  of  the  organ  supplied  by  it  shows  an 
abundance  of  saccharine  ingredients. 

It  is  remarkable  for  how  long  a  time  the  liver  will  continue  to 
exhibit  the  presence  of  sugar,  after  all  external  supplies  of  this 
substance  have  been  cut  off.  Bernard  kept  two  dogs  under  his  own 
observation,  one  for  a  period  of  three,  the  other  of  eight  months,' 
during  which  period  they  were  confined  strictly  to  a  diet  of  animal 
food  (boiled  calves'  heads  and  tripe),  and  then  killed.  Upon  exa- 
mination, the  liver  was  found,  in  each  instance,  to  contain  a  propor- 
tion of  sugar  fully  equal  to  that  present  in  the  organ  under  ordinary 
circumstances. 

The  sugar,  therefore,  which  is  found  in  the  liver  after  death,  is  a 
normal  ingredient  of  the  hepatic  tissue.  It  is  not  formed  in  other 
parts  of  the  body,  nor  absorbed  from  the  intestinal  canal,  but  takes 
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its  origin  in  tbe  liver  itself;  it  is  produced,  as  a  new  formation,  b) 
a  secreting  process  in  the  tissue  of  the  organ. 

The  presence  of  sugar  in  the  liver  is  common  to  all  species  o^R  ^f 
animals,  so  far  as  is  yet  known.  Bernard  found  it  invariably  in  ^  jn 
monkeys,  dogs,  cats,  rabbitvS,  the  liorse,  the  ox,  the  goat,  the  sheep.^r^p, 
in  birds,  in  reptiles,  and  in  most  kinds  of  fish.  It  was  only  in  twcr^  ~wo 
species  of  fisb,  viz.,  the  eel  and  the  ray  (Muroena  anguilla  and  RaiiEK.  iia 
batis),  that  he  sometimes  failed  to  discover  it;  but  the  failure  itr:»  ^a 
these  instances  was  apparently  owing  to  the  commencing  putres- .^s^ ^. 
cence  of  the  tissue,  by  which  the  sugar  had  probably  been  destroyed  ^fc»d. 
In  the  fresh  liver  of  the  human  subject,  examined  after  death  fronr 


accidental  violence,  sugar  was  found  to  be  present  in  the  proportior 
of  1.10  to  2.14  per  cent,  of  the  entire  weight  of  the  organ. 

The  following  list  showi^  the  average  percentage  of  sugar  presen*  arnt 
in  the  healthy  liver  of  man  and  different  species  of  animals^  accord.-^B. 
iug  to  the  examinations  of  Bernard : — 

Pbwsvtaor  of  SroAB  in  tbk  Litbb. 

In  man   ....  1.^8  lu  ox      .         .         .         .  2.30 

"  monkey      .         .         .  2.15  "  horse                   .  4.08 

"  dog    .        -                 .  1.C9  "  goat   ....  3.89 

"  cat     .        .        .        .  l.M  "  birds           .        .        .  1.49 

"  rabbit         .         .         .  1.94  "  reptiles       .         .         .  1.04 

"  sheep           .         .         .  2.00  "  fish     ....  1.45 

"With  regard  to  the  nature  and  |)roperties  of  the  liver  sugar,  it 
resemblea  very  closely  glucose,  or  the  sugar  of  starch,  the  sugar  of 
honey,  and  the  sugar  of  milk,  though  it  is  not  absolutely  identical 
with  either  one  of  them.  Its  solution  reduceSj  as  we  have  seen,  the 
salts  of  copper  in  Trommer's  test,  and  becomes  colored  brown  when 
boiled  with  caustic  potassa.  It  ferments  very  readily,  also,  when 
mi.Ked  with  yeast  and  kept  at  the  temperature  of  70"^  to  100°  F. 
It  is  distinguished  from  all  the  other  sugars,  according  to  Bernard,' 
by  the  readiness  with  which  it  becomes  decomposed  in  the  blood — 
since  cane  sugar  and  beet  root  sugar,  if  injected  into  the  circulation 
of  a  living  animal,  pass  through  the  system  without  sensible  decom- 
position, and  are  discharged  unchanged  with  the  urine ;  sugar  of 
milk  and  glucoso,  if  injected  in  moderate  quantity,  are  decomposed 
iu  the  blood,  but  if  introduced  in  greater  abundance  make  their 
appearance  also  in  the  urine;  while  a  solution  of  liver  sugar,  though 
injected  in  much  larger  quantity  than  either  of  the  others,  may  dis^ 
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ppear  altogether  in  the  circulation,  without  passing  off  by  the 
idneys. 

This  substance  is  therefore  a  sugar  of  animal  origin,  similar  in 
»  properties  to  other  varieties  of  saccharine  matter,  derived  from 
ifferent  sources. 

The  sugar  of  the  liver  is  not  produced  in  the  blood  by  a  direct 
[ecomposition  of  the  elements  of  the  circulating  fluid  in  the  vessels 
f  the  organ,  but  takes  its  origin  in  the  solid  substance  of  the  hepcUic 
Issue,  as  a  natural  ingredient  of  its  organic  texture.  The  blood 
rhich  may  be  pressed  out  from  a  liver  recently  extracted  from  the 
ody,  it  is  true,  contains  sugar ;  but  this  sugar  it  has  absorbed  from 
he  tissue  of  the  organ  in  which  it  circulates.  This  is  demonstrated 
►y  the  singular  fact  that  the  fresh  liver  of  a  recently  killed  animal, 
hocigh  it  may  be  entirely  drained  of  blood  and  of  the  sugar  which 
t  contained  at  the  moment  of  death,  will  still  continue  for  a  certain 
ime  to  produce  a  saccharine  substance.  If  such  a  liver  be  injected 
ith  water  by  the  portal  vein,  and  all  the  blood  contained  in  its 
esaels  washed  out  by  the  stream,  the  water  which  escapes  by  the 
epatic  vein  will  still  be  found  to  contain  sugar.  M.  Bernard  has 
>und*  that  if  all  the  sugar  contained  in  a  fresh  liver  be  extracted  in 
lis  manner  by  a  prolonged  watery  injection,  so  that  neither  the 
ater  which  escapes  by  the  hepatic  vein,  nor  the  substance  of  the 
ver  itself,  contain  any  further  traces  of  sugar,  and  if  the  organ  be 
len  laid  aside  for  twenty- four  hours,  both  the  tissue  of  the  liver  and 
le  fluid  which  exudes  from  it  will  be  found  at  the  end  of  that  time 
>  have  again  become  highly  saccharine.  The  sugar,  therefore,  is 
vidently  not  produced  in  the  blood  circulating  through  the  liver, 
»at  in  the  substance  of  the  organ  itself.  Once  having  originated 
n  the  hepatic  tissue,  it  is  absorbed  thence  by  the  blood,  and  trans- 
K>rted  by  the  circulation,  as  we  shall  hereafter  show,  to  other  parts 
►f  the  body. 

The  sugar  which  thus  originates  in  the  tissue  of  the  liver,  is  pro- 
luoed  by  a  mutual  decomposition  and  transformation  of  various 
ither  ingredients  of  the  hepatic  substance ;  these  chemical  changes 
)eing  a  part  of  the  nutritive  process  by  which  the  tissue  of  the 
iTgan  is  constantly  sustained  and  nourished.  There  is  probably  a 
eries  of  several  different  transformations  which  take  place  in  this 
oanner,  the  details  of  which  are  not  yet  known  to  us.  It  has  been 
isooyered,  however,  that  one  change  at  least  precedes  the  final 
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production  of  saccharine  matter ;  and  that  the  sugar  itself  is  pre      > 
duced  by  the  tranafarmation  of  another  peculiar  substance,  of  ant^^"<^ 
rior  formation.     This  substance,  which  precedes  the  formatioii  o  *"">? 
sugar,  and  which  is  itself  produced  in  the  tissue  of  the  liver,  i^r    \i 
known  by  the  n:ime  of  glycogenic  matter,  or  glycogene. 

This  glycogenic  matter  may  be  extracted  from  the  liver  in  th-^^=Ae 
following  manner.     The  organ  is  taken  immediately  from  the  bod__  ^^1 
of  the  recently  killed  animal,  cut  into  small  pieces,  and  coagulated  b^-^^^^y 
being  placed  for  a  few  minutes  in  boiling  water.    This  is  in  ordes^^^r 
to  prevent  the  albuminous  liquids  of  the  organ  from  acting  upor^con 
the  glycogenic  matter  and  decomposing  it  at  a  medium  t^mperatur^^"^ 
The  coagulated  tissue  is  then  drained,  placed  in  a  mortar,  reduoe^^sd 
to  a  pulp  by  bruising  and  grinding,  and  afterward  boiled  in  dit_J-H« 
tilled  water  for  a  quarter  of  an  hour,  by  which  the  glycogen! — He 
matter  is  extracted  and  held  in  solution  by  the  boiling  water. 

The  liquid  of  decoction,  which  should  be  as  concentrated  as  posrzy- 
sible,  must  then  be  expressed,  atraiood,  and  filtered,  afler  which  m.  %, 
appears  as  a  strongly  opalescent  fluid,  of  a  slightly  yellowish  ting^9- 
The  glycogenic  matter  which  ia  held  in  solution  may  be  precip£— 
tated  by  the  addition  to  the  filtered  fluid  of  five  times  its  volume 
of  alcohol.    The  precipitate,  after  being  repeatedly  washed  with 
alcohol  in  order  to  remove  sugar  and  biliary  matters,  may  then  b© 
redissolved  in  distilled  water.     It  may  be  precipitated  from  its 
watery  solution  either  by  alcohol  in  excess  or  by  crystallizabl« 
acetic  acid,  in  both  of  which  it  is  entirely  insoluble,  and  may  be 
afterward  kept  in  the  dry  state  for  an  indefinite  time  without  losing 
its  properties. 

The  glycogenic  matter,  obtained  in  this  way,  is  regarded  as 
intermediate  in  its  nature  and  properties  between  hydratetl  starch 
and  dextrine.  Its  ultimate  composition,  according  to  M.  Pelouze,' 
is  as  follows  :• — 


When  brought  into  contact  with  iodine,  it  produces  a  coloration 
varying  from  violet  to  a  deep,  clear,  maroon  red.  It  does  not 
reduce  the  salts  of  copper  in  Trommer's  test,  nor  does  it  ferment 
when  placed  in  contact  with  yeast  at  the  proper  temperature.  It 
does  not,  therefore,  of  itself  contain  sugar.  It  may  easily  be  con- 
verted into  sugar,  however,  by  contact  with  any  of  the  animal 
ferments,  as,  for  example,  those  contained  in  the  saliva,  or  in  the 
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"blood.     If  a  solution  of  glycogenic  matter  be  mixed  with  fresb 

human  saliva,  and  kept  lor  a  few  minutea  at  the  temperature  of 

100°  F.,  the  mixture  will  then  be  found  to  have  acquired  the  power 

of  reducing  the  salts  of  copper  and  of  entering  into  fermentation  by 

contact  ^vith   yeast.     The   glycogenic   matter   has  therefore  been 

converted  into  sugar  by  a  process  of  catalysis,  in  the  same  manner 

as  vegetable  starch  would  be  transformed  under  similar  conditions 

The  glycogenic  matter  which  is  thus  destined  to  be  converted 

into  sugar,  Ls  formed  in  the  liver  by  the  processes  of  nutrition.     It 

may  be  extracted,  as  we  have  seen  above,  from  the  hepatic  tissue 

of  carnivorous  animals?,  and  is  equally  present  when  they  have  been 

exclusively  confined  for  many  days  to  a  meat  diet.    It  is  not  in- 

troducetl  with  the  food  ;  for  the  fleshy  meat  of  the  herbivora  does 

not  contain  it  in  appreciable  quantity,  though  these   animals  so 

Constantly  take  starchy  substances  with  their  food.    In  them,  the 

starchy  matters  are  transformed  into  sugar  by  digestion,  and  the 

sugar  80  produced  is  rapidly  destroyed  after  entering  the  circula- 

t:ion ;  so  that  usually  neither  saccharine  nor  starchy  substances  are 

"to  be  discovered  in  the  muscular  tissue.    M.  Poggiale'  found  that  in 

"very  many  experiments,  performed  by  a  commission  of  the  French 

-Academy  for  the  purpose  of  examining  this  subject,  glycogenic 

matter  was  detected  in  ordinary  butcher's  meat  only  once.     We 

tave  also  found  it  to  be  absent  from  the  fresh  meat  of  the  bullock's 

"heart,  when  examined  in  the  manner  described  above.    Neverthe- 

leaSj  in  dogs  fed  exclusively  upon  this  food  for  eight  days,  glycogenic 

matter  may  be  found  in  abundance  in  the  liver,  while  it  does  not 

exist  in  other  parts  of  the  body,  as  the  spleen,  kidney,  lungs,  &c. 

Furthermore,  in  a  dog  fed  exclusively  for  eight  days  upon  the 
fresh  meat  of  the  bullock's  heart,  and  then  killed  four  hours  after 
a  meal  of  the  same  food,  at  which  time  intestinal '  absorption  is 
going  on  in  full  vigor,  the  liver  contains,  as  above  mentioned,  both 
glycogenic  matter  and  sugar ;  but  neither  sugar  nor  glycogenic  mat- 
ter can  be  found  in  the  blood  of  the  portal  vein,  when  subjected  to 
a  similar  examination. 

The  glycogenic  matter,  accordingly,  does  not  originate  from  any 

external  source,  but  is  formed  in  the  tissue  of  the  liver ;  where  it 

is  soon  afterward  transformed  into  sugar,  while  still  forming  a  part 

of  the  substance  of  the  organ. 

The  formation  of  sugar  in  the  liver  is  therefore  a  function  com- 

*  Jonrn&l  de  Phjsiologie,  Paiia,  1858,  p.  558. 
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posed  of  two  distinct  and  successive  processes,  viz :  first,  the  forma 
tion,  in  the  hepatic  tissue,  of  a  glycogenic  matter,  having  some 
resembhiuce   to  dextrine;    and   secondly,  the  conversion   of  this 

glycogenic  matter  into  sugar,  by  a  process  of  catalysis  and  trans -> 

formation. 

It  has  been  doubted  by  some  observers  whether  the  sugar  founc 
in  the  liver  after  death  really  exists  in  the  organ  during  life.   Thi 
doubt,  which  was  first  raised  by  Pavy '  in  1868,  is  based  upon  the 
fact  that  if  the  liver  tissue,  after  death,  be  instantly  subjected 
the  action  of  boiling  water  or  strong  alcohol,  so  as  to  arrest  any~~ 
further  catalytic   transformation    of  the   glycogenic  matter,  the:^ 
watery  extract,  when  examined  by  the  ordinary  methods,  has  beetle 
found  to  yield  no  indication  of  sugar,  or  only  slight  traces  of  that^ 
substance.    It  was  accordingly  believed  that  the  liver  during  lif<^ 
might  contain  only  the  glycogemc  matter,  but  no  sugar ;  and  tha& 
the  sugar,  found  a  short  time  after  death,  was  really  produced  by^ 
post-mortem  fermentation  during  the  interval  which  had  elapsed. 

The  appearance  of  sugar  under  these  circumstances  must  be  ad- 
mitted, at  all  events,  to  be  exceedingly  rapid.     In  a  series  of  ex- 
periments performed  in  1869,  we  have  found  that  if  a  portion  or 
the  liver  be  excised  from  the  abdomen  of  the  living  dog,  an(S. 
immediately  cut  into  thin  pieces  and  immersed  in  boiling  water^ 
when  the  preliminary  operations  are  completed  in  so  short  a  tim^ 
as  seventeen  seconds  or  twenty-two  seconds,  the  watery  extract  or 
the  coagulated  tissue,  examined  in  tlie  ordinary  way  by  Trom— 
mer's  test,  gives  no  reduction  of  the  copper  oxide;  but  at  the  end^ 
of  fifty  seconds,  a  distinct  though  not  abundant  sugar  reaction  i^ 
manifest.    'This  reaction  is  decided  at  the  end  of  one  minute,  and- 
becomes  more  and  more  marked  at  the  end  of  two,  three,  four,  fiva» 
and  seven  minutes  successively.     It  is  only  within  fifty  seconds^ 
therefore,  according  to  our  own  observations,  that  sugar  fails  U^ 
appear  in  the  liver  extract  examined  in  the  usual  manner.     Har— 
ley*  has  even  found  it,  under  these  circumstances,  within  an  inter- 
val of  less  than  twenty  seconds.   But  even  within  this  short  perioil 
the  failure  to  detect  sugar  in  the  liver  extract,  thus  examined,  de- 
pends, as  we  believe,  solely  upon  two  causes:  first,  the  small  quan- 
tity of  liver  tissue  employed  ;  and  secondly,  the  imperfect  applica- 
tion of  the  copper  test.     In  the  first  place,  when  a  portion  of  liver, 

iProoeerJingB  of  the  Rojnl  Society  of  London,  vol.  iz.  p.  800. 
•Ibid.,  Tol.  X.  p.  289. 
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noved  from  the  body  of  the  living  or  recently  killed  animal, 
jut  up  by  scissors  into  boiling  water,  only  a  small  amount  of 
I  tissue  can  be  treated  in  this  way  within  a  sufiioiently  short 
»e.  In  the  second  place,  the  watery  extract  of  the  liver,  as 
lally  made,  is  more  or  less  turbid  and  colored  by  various 
mal  matters  extracted  at  the  same  time;  and  the  existence  of 
ae  animal  matters,  when  the  sugar  itself  is  present  only  in  small 
ount,  interferes  in  great  measure  with  the  reaction  of  the  copper 
t.  They  must  therefore  be  thoroughly  removed  by  the  free  use 
inimal  charcoal,  and  the  watery  extract  of  the  liver  tissue  must 
left  absolutely  clear  and  colorless,  before  we  can  apply  the  cop- 
'  teat  with  safety,  to  determine  the  presence  or  absence  of  sugar. 
Id.  order  to  avoid  these  two  causes  of  error,  we  have  adopted 

E>llowing  method  of  operating  and  of  preparing  the  liver  ex- 
'      The  animal  is  gently  but  firmly  held  upon  a  table  by 
ee  assistants,  the  abdomen  widely  opened  by  a  single  stroke  of 

try  sharp  knife,  the  liver  seized  and  drawn  downward,  and  a 
on  instantly  cut  oft'  and  passed  between  the  rollers  of  a  com- 
muting machine  into  a  vessel  filled  with  strong  alcohol  or  boil- 
plrater.  The  comminuting  machine  consists  of  two  fluted  brasa 
inders  placed  horizontally  side  by  side,  and  made  to  revolve 
lly  toward  each  other  by  means  of  a  crank-handle.    The  nearly 


Kiel  projectioas  and  depressions  of  the  cylinders  lock  into  each 
ler,  like  the  teeth  of  two  cog-wheels;  and  their  contiguous  sur- 

AI1  lh«  iJeiftUs  of  (his  method  are  giren  in  the  Nenr  York  Medical  Journal  for 
J,  1871. 
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faces,  at  the  point  of  greatest  proximity,  are  separated  by  a  di». 
tance  of  not  more  than  one  sixteenth  of  an  inch. 

Fig.  5fi. ^,.,— >^,__  When  a   portion   of  liver 

substance  is  passed  between 
the  rollers  of  this  machine,  it 
is  disintegrated  and  commi- 
nuted in  the  most  effectual 
manner ;  and  no  post-mortem 
fermentation  can  take  place  in 
any  part  of  it,  after  it  is  once 
"**  ofV.*r^Sf.r:n  prlml'"'  ''"■"'-"  ia  contact  with  the  alcohol  or 

boiling  water.  A  large  quantity  of  the  liver  tissue  can,  by  this 
means,  be  used  in  a  short  time ;  from  1000  to  2000  grains  being 
easily  cominiQutcd  and  immersed  in  the  above  mentioned  liquids, 
within  the  space  of  ten  seconds  or  even  leas. 

Meanwhile,  a  fourth  assistant  marks  the  time  consumed 
in  the  operation  by  means  of  a  stop-watch,  the  second-hand  of 
which  is  liberated  at  the  instant  the  portion  of  liver  is  cut  off,  and 
again  slopped  when  it  is  comminuted  and  immersed  in  alcohol  or 
boiling  water. 

An  extract  is  then  made  by  slowly  percolating  the  alcoholic 
liquor  through  the  disintegrated  liver  tissue  in  a  displacement 
apparatus,  evaporating  it  to  dryness  over  the  water  bath,  and 
finally  making  a  watery  extract,  in  small  volume,  of  the  dry 
residue;  the  liquids  being  thoroughly  clarified  and  decolorized,  at 
two  stages  of  the  operation,  by  the  free  use  of  animal  charcoal, 
carried  to  such^an  extent  as  completely  to  remove  from  the  final 
w.atery  solution  every  trace  of  turbidity  and  color.  The  watery 
solution,  thus  prepared,  is  then  examined  for  sugar,  by  placing  one 
cubic  centimetre  of  the  liquid  in  a  narrow  test  tube  against  a  black 
ground,  adding  one  drop  of  Fehling's  copper  solution,  and  raising 
the  mixture  to  the  boiling-point. 

We  have  experimented,  in  the  manner  above  described,  upon 
twenty  dogs.  In  four  of  the  eases,  the  method  employed  was  that 
by  boiling  water;  in  the  rem.iining  sixteen  cases,  that  by  alcohol. 
The  atiimals  were  examined  four,  eight,  twelve,  and  twenty-four 
hours  after  feeding;  the  food  consisting  always  of  the  fresh  or 
cooked  meat  of  the  bullock's  heart.  The  longest  time  which 
elapsed  from  the  separation  of  the  liver  to  its  immersion  in  tbe 
alcohol  or  boiling  water  was  thirteen  seconds;  the  shortest  time 
was  three  seconds.    The   average  time  was  six  and  a  quarter 
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seconds.  la  every  instance  the  final  watery  solution  gave  a  dis- 
tinct and  perfectly  unmistakable  sugar  reaction  by  the  copper  test. 
In  one  half  the  cases,  the  presence  of  sugar  alone  was  determined 
by  this  method;  in  the  remainder,  its  proportion  to  one  thousand 
parts  of  the  liver  tissue  was  also  ascertained. 

The  following  is  a  list  of  these  experiments,  with  their  results. 


■sperl- 

Time  kfter 

Time  consumed  in 

Proceeeof 

Proportion  of  Olacoae 

mant. 

WMilng. 

taking  out  Liver. 

Trektmeat 

1000p«rtiorUT«r. 

No.     1 

4  hours 

13  seconds 

Aloohol 

Glucose. 

No.    2 

4  houra 

7  seconds 

44 

44 

No.    8 

4  hours 

10  seconds 

44 

44 

No.    4 

4  hoars 

4  seconds 

•  4 

44 

No.    6 

8  hours 

7  seconds 

44 

«4 

No.    6 

8  hours 

6  seconds 

44 

(4 

No.    7 

4  hours 

6  seconds 

Boiling  W»ter 

4( 

No.    8 

12  hours 

6  seconds 

44                 44 

44 

No.    9 

12  hours 

8  seconds 

44                44 

4< 

No.  10 

12  hours 

6  seconds 

44                44 

44 

No.  11 

4  hours 

9  seconds 

Alcohol 

2.098 

No.  12 

4  hours 

6  seconds 

44 

0.804 

No.  18 

8  hours 

7  seoonds 

44 

1.750 

No.  14 

8hd|r8 

8  seconds 

44 

1.510 

No.  16 

12  hours 

5  seconds 

44 

1.810 

No.  16. 

12  hours 

6  seconds 

44 

4.175 

No.  17 

12  hours 

7  seconds 

44 

1.830 

No.  18 

12  hours 

8  seconds 

44 

4.875 

No.  19 

24  hours 

6  seoonds 

44 

8.860 

No.  20 

24  hours 

4  seconds 

44 

2.676 

It  appears  from  these  results,  that,  when  the  requisite  precau- 
tions are  adopted,  sugar  is  found  in  the  liver  at  the  earliest  period 
at  which  it  is  possible  to  examine  the  organ  after  its  separation 
from  the  body  of  the  living  animal ;  the  average  quantity  of  sugar 
existing  in  the  liver  tissue,  at  this  time,  being  at  least  two  and  a 
half  parts  per  thousand.  The  exact  proportion  of  sugar  thus  pres- 
ent in  the  liver  at  the  instant  of  death,  or  within  a  few  seconds 
afterward,  varies  from  0.804  to  4.875  parts  per  thousand.  These 
variations,  so  far  as  our  observation  extends,  appear  to  depend 
upon  individual  dififerences  in  the  animals  employed  for  experi- 
ment; in  the  same  manner  as  other  ingredients  of  the  tissues  and 
fluids  are  found  to  vary,  within  physiological  limits,  in  different 
individuals 

There  is  no  doubt  that  the  quantity  of  glucose  in  the  liver  in- 
creases immediately  after  death.  This  fact  has  been  observed  by 
all  the  recent  experimenters  upon  the  subject ;  and  it  was  even 
shown  by  Bernard,  as  already  mentioned,  by  experiments  which 
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we  have  frequeatly  verified,  that  sugar  will  be  again  produced  "in 
the  liver,  separated  from  the  body,  after  it  baa  once  been  entirely 
washed  out  by  a  continued  watery  injection  of  the  hepatic  blood 
vessels.  This  is  due  to  the  fact  that  the  sugar  is  produced  by  a 
transformation  of  the  glycogenic  matter;  and  this  transformation 
will  go  on  after  death  for  a  certain  period,  so  long  as  the  glyco- 
genic matter  remains  unexhausted  and  the  requisite  temperature 
is  kept  up.  Thus  the  sugar,  no  longer  carried  away  by  the  current 
of  the  circulation,  accumulates  in  the  liver  tissue  at  the  expense 
of  the  glycogenic  matter  from  which  it  is  formed.  This  accumu- 
lation is  at  first  very  rapid,  but  subsequently  diminishes  in  activ- 
ity with  the  gradual  deterioration  of  the  liver  substance. 

In  the  fuUuwing  cases,  the  proportion  of  glucose  per  thousand 
parts  was  determined  at  various  periods  after  death. 

Paopo&noN  or  Qlvcosb  in  thk  Livbb. 

at  the  end  of  per  thouiand  parU. 

f   5  seconds 1.810 

Exp.  No.   15.      \  15  minutes    .......         6  792 

{    1  hour 10.2W) 

p^rv    v„    iQ      i    6  seconds 3.850 

Exp.  No.   19,      I    g^^^^^ jj^^ 

i4  seconds 2.675 

1  hour 11.888 

4  hour* 18.361 

12  hours 16.861 


As  sugar  is  found,  under  some  circumstances,  in  minute  quantity 
in  the  bloud  of  the  general  circulation,  there  might  perhaps  be 
room  fur  doubt  whether  the  glucose,  present  in  the  liver  at  the 
moment  of  death,  may  not  be  duo  to  the  arterial  blood  with  which 
the  organ  is  supplied,  rather  than  an  ingredient  of  the  hepatic 
tissue.  This,  however,  is  not  the  case.  The  question  may  be  set- 
tled by  examining,  at  the  same  time  with  the  liver  or  immediately 
afterward,  some  other  abdominal  organ  equally  well  supplied  with 
arterial  blood.  In  the  series  of  experiments  above  described,  the 
spleen  was  selected  for  this  purpose,  and  in  three  cases  was  taken 
out  within  ten  minutes  after  the  excision  of  the  liver,  treated  in 
precisely  the  same  manner  by  the  alcohol  process,  and  examined 
for  sugar,  with  the  following  result. 
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Pbopoktiom  or  Olucosb  pbk  Thocsand  PxnTB. 

Exp. 

No.  14. 

At  the  end  of                                         In  the 
(   i  seeonds    ....      Liver    . 
\  10  minutes  ....      Spleen  . 

1.610 
0. 

Exp. 

No.  19. 

r  5  seconds    ....      Liver    . 
' ,  10  minutes   ....      Spleen  . 

8.860 
0. 

Exp. 

No.  20. 

r  4  seoonds    ....      Liver    . 
'  [  10  minutes   ....      Spleea  . 

2.675 
0. 
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It  is  evident,  accordingly,  that  the  liver  sugar  does  not  belong 
to  the  arterial  blood  with  which  the  organ  is  supplied,  but  is  a 
normal  ingredient  of  the  hepatic  tissue. 

There  is  reason  to  believe  that  the  sugar,  produced  in  the  sub- 
stance of  the  liver,  is  absorbed  from  it  by  the  circulating  blood  and 
carried  away  by  the  hepatic  veins.  A  preponderance  of  sugar,  in 
the  blood  of  the  hepatic  veins  over  that  in  other  parts  of  the  cir- 
culation was  often  recognized  by  Bernard  and  other  observers, 
before  it  was  considered  as  essential  to  make  the  examination  with- 
in the  first  few  seconds  after  death.  Since  that  time  the  results  of 
experimenters  on  this  point  have  been  conflicting,  some  observers, 
however,  still  finding  a  decided  preponderance  of  sugar  in  the 
hepatic  blood,  within  a  very  short  period  after  death,  or  even  during 
the  life  of  the  animal.  Prof.  A.  Flint,  Jr  ,*  found  sugar  in  the  he- 
patio  blood  of  the  dog.  obtained  within  a  minute  after  death  by 
ligature  of  the  vena  cava  inferior ;  and  Prof.  Lusk  •  found  that  in 
five  dogs,  the  blood  of  the  right  side  of  the  heart,  removed  during 
life  by  catheterization  through  the  jugular  vein,  contained  a  quan- 
tity of  sugar  from  two  to  four  times  greater  than  that  existing, 
in  the  same  animals,  in  the  blood  of  the  jugular  vein. 

The  sugar  produced  in  the  liver  is  accordingly  to  be  regarded  as 
a  true  secretion,  formed  by  the  glandular  tissue  of  the  organ,  by  a 
similar  process  to  that  of  other  glandular  secretions.  It  differs 
from  the  latter,  not  in  the  manner  of  its  production,  but  only  in 
the  mode  of  its  discharge.  For  while  the  biliary  matters  produced 
in  the  liver  are  absorbed  by  the  hepatic  ducts  and  conducted  down- 
ward to  the  gall-bladder  and  the  intestine,  the  sugar  is  absorbed  by 
the  bloodvessels  of  the  organ  and  carried  upward,  by  the  hepatic 
veins,  toward  the  heart  and  the  general  circulation. 

The  production  of  sugar  in  the  liver  during  health  is  a  constant 

»  New  York  Medical  Journal,  January,  1869. 
•Ibid.,  July,  1870. 
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process,  continuing,  in  many  cases,  for  several  days  after  the  animal 
baa  been  altogether  deprived  of  food.  Its  activity,  however,  like 
that  of  most  other  secretions,  is  subject  to  periodical  augmentation 
and  diminution.  Under  ordinary  circumstances,  the  sugar,  which 
is  absorbed  by  the  bloml  from  the  tissue  of  the  liver,  dittappears 
very  soon  aiYer  entering  the  circuhitiun.  As  tlie  bile  is  transformed 
in  the  intestine,  so  the  sugar  is  decomposed  in  the  blood.  We  are 
not  yet  acfiuainted,  however,  with  the  ])recise  nature  of  the  changes 
which  it  undergoes  alter  entering  the  vascular  system.  It  is  very 
probable,  according  to  the  views  of  LehmauQ  and  Robin,  thai  it  ia 
at  first  converted  into  lactic  acid  (C„II„0J,  which  decomjKfctes  io 
turn  the  alkaline  carbonates,  setting  free  carbonic  acid,  and  forming 
lactates  of  soda  and  potassa.  But  whatever  be  the  exact  mode  of 
its  transformation,  it  is  certain  tliat  the  sugar  disappeare  rapidly; 
and  while  it  exists  in  considerable  quantity  in  the  liver  and  in  the 
blood  of  the  hepatic  veins  an«l  tlie  right  side  of  the  heart,  it  is  not 
usually  to  be  lound  in  tlie  pulmonary  veins  nor  iu  the  blood  uf  the 
general  circulation. 

About  two  and  a  half  or  three  hours,  however,  after  the  ingestion 
of  food,  according  to  the  investigations  of  Bernard,  the  circulation 
of  blood  through  the  portal  system  and  the  liver  becomes  consider- 
ably accelerated.  A  larger  quantity  of  sugar  ia  then  produced  in 
the  liver  and  carried  away  from  the  organ  by  the  hepatic  veins ; 
so  that  a  portion  of  it  then  esca{>es  decomposition  whde  passing 
through  the  lungs,  and  begins  to  ap|">ear  in  the  bloo<l  of  the  arterial 
system.  S<x)n  atlerward  it  appears  also  in  the  blood  of  the  capil- 
laries; and  from  four  to  six  hours  after  the  commencement  of 
digestion  it  is  produced  in  the  liver  so  much  more  rapidly  than  it 
is  destroyed  in  the  blood,  that  the  surplus  quantity  circulates* 
throughout  the  body,  and  the  blt>od  everywhere  has  a  slightly  sac- 
charine character.  It  does  not,  however,  in  the  healthy  condition, 
make  its  apj>caraucc  in  any  of  the  secretions. 

After  the  sixth  hour,  this  unusual  activity  of  the  sugar-producing 
function  begins  again  to  diminish ;  and,  the  transformation  of  the 
sugar  in  tlie  circulation  going  on  as  before,  it  gradually  dL<appear» 
as  an  ingredient  of  the  bhKwL  Finally,  the  ordinary  equilibrium 
between  its  prfxlucliou  and  its  decomposition  is  re-established,  and 
it  can  no  longer  be  found  except  in  the  liver  and  iu  that  port  of 
the  circulatory  system  which  is  between  the  liver  and  the  lungs. 
There  is,  therefore,  a  periodical  increase  in  the  amount  of  unde- 
composed  auear  in  the  bluo<l,  as  we  have  already  shown  to  be  the 
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case  with  the  fatty  matter  absorbed  during  digestion;  but  this 
increase  is  soon  followed  by  a  corresponding  diminution,  and  during 
Ibe  greater  portion  of  the  time  its  decomposition  keeps  pace  with 
its  production,  and  it  is  consequently  prevented  from  appearing  in 
the  blood  of  the  general  circulation. 

There  are  produced,  accordingly,  in  the  liver,  two  different  secre^ 
tions,  viz.,  bile  and  sugar.  Both  of  them  originate  by  transforma- 
tion of  the  ingredients  of  the  hepatic  tissue,  from  which  they  are 
absorbed  by  two  different  sets  of  vessels.  The  bile  is  taken  up  by 
the  biliary  ducts,  and  by  them  discharged  into  the  intestine ;  while 
the  sugar  is  carried  oflf  by  the  hepatic  veins,  to  be  decomposed  in  the 
circulation,  and  become  subservient  to  the  nutrition  of  the  blood. 
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CHAPTER  X. 


THE    SPLEEX, 


The  spleen  is  an  exceedingly  vascular  organ,  situated  in  tbe^    * 
vicinity  of  the  great  pouch  of  the  stomach  and  supplied  abun^^' 
antly  by  brunches  of  the  cceliac  axis.     Its  veins,  like  those  of  th«^^^ 
digestive  abdominal  organs,  form  a  part  of  the  great  portal  systen:^  *- 
and  conduct  the  blood  which  has  passed  through  it  to  the  liver" ^«"'^* 
before  it  mingles  again  with  the  general  current  of  the  circulatioit 

The  spleen  is  covered  on  its  exterior  by  an  investing  membran^^^^^ 
or  capsule,  which  forms  a  protective  sac,  containing  the  soft  pul 
of  which  the  greater  part  of  the  organ  is  composed.     This  capsules-  ^ 

in  the  spleen  of  the  ox,  is  thick,  whitish,  and  opaque,  and  is  com 

posed  to  a  great  extent  of  yellow  elastic   tissue.     It  accordingly  "^^.    ' 
possesses,  in  a  high  degree,  the  physical  property  of  elasticity,  ancr^^-^^ 
may  be  widely  stretched  without  laceration;  returning  readily 
its  original  size  as  soon  as  the  extending  force  is  relaxed. 

In  the  carnivorous  animals,  on  the  other  hand,  the  capsule  o 
the  spleen  is  thinner,  and  more  colorless  and  transparent.  It  coa 
tains  hero  but  very  little  elastic  tissue,  being  composed  mostly  o 
smooth,  involuntary  muscular  fibres,  connected  in  la^'ers  by  a  littl 
intervening  areolar  tissue.  In  the  herbivorous  animals,  accordingly 
the  capsule  of  the  spleen  is  simply  elastic,  w^hile  in  the  carnivora  i 
is  contractile. 

In  both  instances,  however,  the  elastic  and  contractile  propertie 
of  the  capsule  subserve  a  nearly  similar  purpose.    There  is  ever 
reason  to  lielieve  that  the  spleen  is  subject  to  occasional  and  pei — 
haps  regular  variations  in  size,  owing  to  the  varying  condition  o:f^ 
the  alKlominal  circulation.     Dr.  "William  Dobson'  found  that  the 
size  of  the  organ  iucreaso<l,  from  the  third  hour  after  feeding  up  to 
the  fifth ;  when  it  arrived  at  its  maximum,  gradually  decreasing 
after  that  period.    When  these  periodical  congestions  take  place, 

>  In  Onjf  on  lb«  Structare  aad  Com  of  lh«  Spleen.     Loodon,  1854,  p.  40. 
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the  organ  becoming  turgid  with  blood,  the  capsule  is  distended ; 
and  limits,  by  its  resisting  power,  the  degree  of  tumefaction  to 
which  the  spleen  is  liable.  When  the  disturbing  cause  has  again 
passed  away,  and  the  circulation  is  about  to  return  to  its  ordinary 
condition,  the  elasticity  of  the  capsule  in  the  herbivora,  and  its  con- 
tractility in  the  carnivora,  compress  the  soft  vascular  tissue  within, 
md  reduce  the  organ  to  its  original  dimensions.  This  contractile 
iction  of  the  invested  capsule  can  be  readily  seen  in  the  dog  or 
he  cat,  by  opening  the  abdomen  while  digestion  is  going  on, 
deposing  the  spleen  and  removing  it,  after  ligature  of  its  vessels. 
^hen  first  exposed,  the  organ  is  plump  and  rounded,  and  presents 
xternally  a  smooth  and  shining  surface.  But  as  soon  as  it  has 
leen  removed  from  the  abdomen  and  its  vessels  divided,  it  begins 
t>  contract  sensibly,  becomes  reduced  in  size,  stiff,  and  resisting  to 
he  touch ;  while  its  surface,  at  the  same  time,  becomes  uniformly 
nrinkled,  by  the  contraction  of  its  muscular  fibres. 

In  its  interior,  the  substance  of  the  spleen  is  traversed  everywhere 
>y  slender  and  ribbon-like  cords  of  fibrous  tissue,  which  radiate 
rom  the  sheath  of  its  principal  arterial  trunks,  and  are  finally 
ittached  to  the  internal  surface  of  its  investing  capsule.  These 
ibrous  cords,  or  trabeculse,  as  they  are  called,  by  their  frequent 
branching  and  mutual  interlacement,  form  a  kind  of  skeleton  or 
Framework  by  which  the  soft  splenic  pulp  is  embraced,  and  the 
shape  and  integrity  of  the  organ  maintained.  They  are  composed 
of  similar  elements  to  those  of  the  investing  capsule,  viz.,  elastic 
tissue  and  involuntary  muscular  fibres,  united  with  each  other  by 
A  varying  quantity  of  the  fibres  of  areolar  tissue. 

The  interstices  between  the  trabeculse  of  the  spleen  are  occupied 
by  the  splenic  pulp;  a  soft,  reddish  substance,  which  contains, 
beside  a  few  nerves  and  lymphatics,  capillary  bloodvessels  in  great 
profusion,  and  certain  whitish  globular  bodies,  which  may  be  re- 
garded as  the  distinguishing  anatomical  elements  of  the  organ,  and 
which  are  termed  the  Malpighian  bodies  of  the  spleen. 

The  Malpighian  bodies  are  very  abundant,  and  are  scattered 
throughout  the  splenic  pulp,  being  most  frequently  attached  to  the 
sides,  or  at  the  point  of  bifurcation  of  some  small  artery.  They 
are  readily  visible  to  the  naked  eye  in  the  spleen  of  the  ox,  upon  a 
fresh  section  of  the  organ,  as  minute,  whitish,  rounded  bodies,  which 
may  be  separated,  by  careful  manipulation,  from  the  surrounding 
parts.  In  the  carnivorous  animals,  on  the  other  hand,  and  in  the 
human  subject,  it  is  more  diflBcult  to  distinguish  them  by  the  un- 
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aided  eye,  though  tliey  always  exist  in  the  spleen  in  a  healthj 
condiiiuii.  Thtjir  average  diameter,  according  to  Kolliker,  is  ,'j  of 
an  ini;h.  Tbey  consist  of  &  closed  sac,  or  capsule,  oontaitiing  in 
its  inlcriui'  a  viscid,  semi-solid  mass  of  eells,  cell-nuclei,  ami  homo- 
geneous substance.  Each  Malpighian  body  is  covered,  on  its  exte- 
rior, by  a  network  of  fine  capillary  bloodvessels;  and  it  is  now 
pcrfeotly  well  settled,  by  the  observations  of  various  anatomists 
(Kolliker,  Busk,  Huxley,  &c.),  that  bloodvessels  also  penetrate  into 
the  substance  of  the  Malpighian  body,  and  there  form  an  internal 
capillary  plexus. 

Tlie  spleen  is  accordingly  a  glandular  organ,  analogous  in 
minute  structure  to  the  solitary  and  aginiuatcd  glands  of  the  small 
intestine,  and  to  the  lymphatic  glands  throughout  the  body.  Like 
them,  it  is  a  gland  without  an  excretory  duct;  and  resembles,  also, 
in  this  respect,  the  thyroid  and  thymus  glands  and  the  supra-renal 
capsules.  All  these  organs  have  a  structure  which  is  evidently 
glandular  in  its  nature,  and  yet  the  name  of  glands  has  been  some- 
times refused  to  them  because  they  have,  as  above  mentioned,  no 
duct,  and  produce  apparently  no  distinct  secretion.  We  have 
already  seen,  however,  that  a  secretion  may  be  produced  in  the 
interior  of  a  glandular  organ,  like  the  sugar  in  the  substance  of  the 
liver,  and  yet  not  be  discharged  by  its  excretory  duct.  The  veins 
of  the  gland,  in  this  instance,  perform  the  part  of  excretory  ducta. 
They  absorb  the  new  materials,  and  convey  them,  throtigh  the 
medium  of  the  blood,  to  other  parts  of  the  body,  where  thev  suflfer 
subsequent  alterations,  and  are  finally  decomposed  in  the  circula- 
tion. 

The  action  of  such  organs  is  consequently  to  modify  the  consti- 
tutiou  of  the  blood.  As  the  blood  passes  through  their  tissue,  it 
absorbs  from  the  glandular  substance  certain  materials  which  it  did 
not  previously  contiiiu,  and  which  are  nece.s.sary  to  the  i">erfect  con- 
stitution of  the  circulating  fluid.  Tbe  blooil,  as  it  passes  out  from 
the  organ,  has  therefore  a  different  composition  from  that  which  it' 
possessed  before  its  entrance ;  and  on  tliis  account  the  name  of  tvuj- 
rular  g/andi  has  been  apjdied  to  all  the  glandular  organs  al)Ove' 
mentioned,  which  are  destitute  of  excretory  ducts,  and  is  emiuejitly 
ap[)licable  to  the  spleen. 

The  precise  alteration,  however,  which  is  efYectetl  in  the  blood 
during  its  passage  through  the  splenic  tissue,  has  not  yet  been 
discovered.  Various  hypotheses  have  been  advanced  from  time  to 
time,  as  to  the  processes  which  go  on  in  this  organ;  many  of  them 
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vague  and  indefinite  in  character,  and  some  of  them  directly  con- 
tradictory of  each  other.  None,  however,  have  yet  been  offered 
which  are  entirely  satisfactory  in  themselves,  or  which  rest  on  suf- 
ficiently reliable  evidence. 

A  very  remarkable  fact  with  regard  to  the  spleen  is  that  it  may 
be  entirely  remove»l  in  many  of  the  lower  animals,  without  its  loss 
producing  any  serious  permanent  injury.  This  experiment  has 
been  frequently  performed  by  various  observers,  and  we  have  our- 
selves repeated  it  several  times  with  similar  results.  The  organ 
may  be  easily  removed,  in  the  dog  or  the  cat,  by  drawing  it  out  of 
the  abdomen,  through  an  opening  in  the  median  line,  placing  a  few 
ligatures  upon  the  vessels  of  the  gastro-splenic  omentum,  and  then 
dividing  the  vessels  between  the  ligatures  and  the  spleen.  The 
wound  usually  heals  without  difi&culty ;  and  if  the  animal  be  killed 
some  weeks  afterward,  the  only  remaining  trace  of  the  operation 
is  an  adhesion  of  the  omentum  to  the  inner  surface  of  the  abdomi- 
nal parietes,  at  the  situation  of  the  original  wound. 

The  most  constant  and  permanent  effect  of  a  removal  of  the 
spleen  is  an  unusual  increase  of  the  appetite.  This  symptom  we 
have  observed  in  some  instances  to  be  excessively  developed ;  so 
that  the  animal  would  at  all  times  throw  himself,  with  an  unnatural 
avidity,  upon  any  kind  of  food  offered  him.  We  have  seen  a  dog. 
subjected  to  this  operation,  afterward  feed  without  hesitation  upon 
the  flesh  of  other  dogs ;  and  even  devour  greedily  the  entrails,  taken 
warm  from  the  abdomen  of  the  recently  killed  animal.  The  food 
taken  in  this  unusual  quantity  is,  however, perfectly  well  digested; 
and  the  animal  will  often  gain  very  perceptibly  in  weight.  In  one 
instance,  a  cat,  in  whom  the  unnatural  appetite  was  marked  though 
not  excessive,  increased  in  weight  from  five  to  six  pounds,  in  the 
course  of  a  little  less  than  two  months ;  and  at  the  same  time  the 
fur  became  sleek  and  glossy,  and  there  was  a  considerable  improve- 
ment in  the  general  appearance  of  the  animal. 

Another  symptom,  which  usually  follows  removal  of  the  spleen, 
is  an  unnatural  ferocity  of  disposition.  The  animal  will  frequently 
attack  others,  of  its  own  or  a  different  species,  without  any  appa- 
rent cause,  and  without  any  regard  to  the  difference  of  size,  strength, 
&c.  This  symptom  is  sometimes  equally  excessive  with  that  of  an 
unnatural  appetite;  while  in  other  instances  it  shows  itself  only  in 
occasional  outbursts  of  irritability  and  violence. 

Neither  of  the  symptoms,  however,  which  we  have  just  de- 
scribed, appears  to  exert  any  permanently  injurious  effect  upon  the 


20-4 


THE    SPr.KEN. 


animal  whicli  has  been  subjected  to  the  operation ;  and  life  may  ** 
prolonged  for  an  imlefinite  pLM"iod  without  any  serious  disturbar"^  ^^ 
of  the  nutritive  process,  after  the  spleen  has  been  complet^^  ^y 
extirpated. 

We  must  accordingly  regard  the  spleen,  not  as  a  single  orge^*-  '^^ 
but  as  associated  with  others,  which  maj  completely,  or  to  a  gres^-^^-^' 
extent,  perform  its  functions  after  its  entire  removal.     We  ha  ^^pi^^e 
already  noticed  the  .similarity  in  structure  between  the  spleen  a*""*-  -^ 
the  mesenteric  and  lymphatic  glands;  a  similarity  which  has  1*:3»'  ^ 
some  writers  to  regard  them  as  more  or  less  closely  associated  wi  '«;.~Mi 
each  other  in  function,  and  to  consider  the  spleen  as  an  unusual  X    ^ 
developed   lymphatic  or  mesenteric  gland.     It   is  true   that  lh».  i.  s 
organ  is  provided  with  a  comparatively  scanty  supply  of  lymphati  -< 
vessels;  and  the  ch3de,  which  is  absorbed  from  the  intestine,  dc» *_ ^s 
not  pass  through  the  spleen,  as  it  passers  through  the  remainixrk.  ^ 
mesenteric  glands.      Still,  the  pliysiological  action  of  the  &plea^^:si 
may  correspond  with  that  of  the  other  l^'mphatic  glands,  so  far    s^^s 
regards  its  iniluence  on  the  blood;  and  there  can  be  little  doua.  fc^l 
that  its  function  is  shared,  either  by  them  or  by  some  other  gltm^-Kzi. 
dular  organs,  which  become  uiuinturolly  active,  and  more  or  1« 
perfectly  supply  its  place  alter  it.s.  complete  removal. 
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CHAPTER  XL 

THE    BLdOD. 

HB  blood,  as  it  exists  in  its  natural  condition,  while  circulating 
le  vessels,  is  a  thick  opaque  fluid,  varying  in  different  parts  of 
body  from  a  brilliant  scarlet  to  a  dark  purple  or  nearly  black 
r.  It  has  a  slightly  alkaline  reaction,  and  a  specific  gravity  of 
5.  It  is  not,  however,  an  entirely  homogeneous  fluid,  but  is 
id  on  microscopic  examination  to  consist,  first,  of  a  nearly.color- 
transparent,  alkaline  fluid,  termed  the  plasma,  containing  water, 
in,  albumen,  salts,  &c.,  in  a  state  of  mutual  solution ;  and,  sec- 
[y,  of  a  large  number  of  distinct  cells,  or  corpuscles,  the  blood- 
ules,  swimming  freely  in  the  liquid  plasma.  The  blood,  taken 
whole,  consists  of  blood-globules  and  plasma,  in  about  equal 
portions ;  that  is,  nearly  one-half  globules  and  one-half  plasma. 
i  specific  gravity  of  these  two  ingredients  is  slightly  different, 
it  of  the  plasma  is  about  1030 ;  that  of  the  blood-globules,  1088. 
rertheless,  the  natural  movement  of  the  blood  in  the  vessels  keeps 
m  thoroughly  mingled  together ;  and  even  when  the  blood  is 
)wed  to  remain  at  rest  in  a  glass  jar,  the  globules  subside  only 
y  slowly  and  imperfectly.  Thus  the  globules,  mingled  abun- 
itly  and  uniformly  with  the  fluid  plasma,  give  to  the  entire  mass 
the  blood  an  opaque  aspect  and  a  deep  red  color. 

Blood-globules. — On  microscopic  examination  it  is  found  that 

globules  of  the  blood  are  of  two  kinds,  viz.,  red  and  white  ;  of 
se  the  red  are  by  far  the  most  abundant. 
?he  red  globules  of  the  blood  present,  under  the  microscope,  a 
fectly  circular  outline  and  a  smooth  exterior.  (Fig.  57.)     Their 

Varies  somewhat,  in  human  blood,  even  in  the  same  specimen. 

^eater  number  of  them  have  a  transverse  diameter  of  ^j  jo  of 
*ich ;  but  there  are  many  smaller  ones  to  be  seen,  which  are 
*iaore  than  ,^55  or  even  ^jVu  of  an  inch  in  diameter.  Their 
•■  is  that  of  a  spheroid,  very  much  flattened  on  its  opposite  sur- 
*»  somewhat  like  a  round  biscuit,  or  a  thick  piece  of  money 
•  Tounded  edges.  The  blood-globule  accordingly,  when  seen 
'"ise,  presents  a  comparatively  broad  surface  and  a  circular  out- 

(a) ;  but  if  it  be  made  to  roll  over,  it  will  present  itself  edge- 
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wise  during  its  rotation  and  assume  the  flattened  form  indicated  a^  li. 
The  thickness  of  the  globule,  seen  in  this  position,  is  about  t«^S<j« 
of  an  inch,  or  a  little  less  than  one-fifth  of  its  transverse  diame«:^r. 
When  the  globules  are  examined  lying  upon  their  broad  k  *ir- 
faces,  it  can  be  seen  that  these  surfaces  are  not  exactly  flat,  but  t"Iaa: 

there  is  on  each  side  a  sliE!»'ht 
central   depression,   so   that 
the   rounded   edges   of  t.YiG 
blood -globule  are  evideatl^f 
thicker  than  its  middle  por- 
tion.    Tliii?   inequality  pro- 
duces a  remarkable  oj>tic^»l 
effect.      The    substance     cz>^ 
which  the   blood-globule      "** 
composed  refracts  light  mo  ^"^ 
strongly  than  the  fluid  pi 
ma.      Therefore,  when  e: 
mined  with  the  microsct>_ 
by    transmitted    light,    -t^^® 
thick  edges  of  the  globa.1- 
act  as  double  convex  lens 
and    concentrate   the    lij^ 
above  the  level  of  the  fluid.     Consequently,  if  the  object-glass 
carried  upward  by  the  adjusting  screw  of  the  microscope,  ami  lif*-^^*^ 

away  from  the  stage,  so  tt^- 
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the  blood-globules  fall 
yond  its  focu.*?,  their   ed^ 
will  appear   brighter.     13" 
the  central  portion  of  e»< 
globule,  being  excavated 
both  sides,  acts  as  a  doub^ 
concave  lens,  and  disperse' 
the  light  from  a  point  belov 
the  level   of  the  fluid.    It,^:^  ^ 
therefore,  grows  brighter  as  ^^'^ 
the  object-glass    is   carried    ^^ 
downward,   and    the   object 
falls  within   its  focus.     An 
alternating  appearance  of  the 
blood-globules   may,   there- 
fore, be  pro(iuecd  by  view- 
ing them  first  beyond  and  then  within  the  focus  of  the  instrument 
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Thsiamb,  seea»  little  within  the  focus. 


"VVhen  beyond  the  focus,  the  globules  will  be  seen  with  a  bright 
I"!  m  and  a  dark  centre.  (Fig.  58.)  When  within  it  they  will  appear 
W-  ith  a  dark  rim  and  a  bright 
centre.  (Fig.  59.) 

The  blood-globules  accord- 
Ixjgly  have  the  form  of  a 
bliickened  disk  with  rounded 
s<lges  and  a  double  central 
3  jccavation.  They  have,  con- 
sequently, been    sometimes 
sailed  '*  blood-disks,"  instead 
of  blood-globules.  The  terra 
*  disk,"  however,  does  not  in- 
dicate their  exact  shape,  any 
snore  than  the  other;    and 
fcbe  term  "blood-corpuscle," 
-^nrfaich  is  also  sometimes  used, 
<5loes  not  indicate  it  at  all. 
_And  although  the  term  "blood-globule"  may  not  be  precisely  a 
<x>rrect  one,  still  it  is  the  most  convenient ;  and  need  not  give  rise 
-•o  any  confusion,  if  we  remember  the  real  shape  of  the  bodies  de- 
signated by  it.    This  term  will,  consequently,  be  employed  when- 
ever  we  have  occasion  to 
speak  of  the  blood-globules  ^'K'  ^• 

dn  the  following  pages. 

Within  a  minute  after  being 
3)laced  under  the  microscope, 
the  blood-globules,  after  a 
fluctuating  movement  of 
short  duration,  very  often 
arrange  themselves  in  slight- 
ly curved  rows  or  chains,  in 
which  they  adhere  to  each 
other  by  their  flat  surfaces, 
presenting  an  appearance 
which  has  been  aptly  com- 
pared with  that  of  rolls  of 
coin.  This  is  probably  ow- 
ing merely  to  the  coagulation 

of  the  blood,  which  takes  place  very  rapidly  when  it  is  spread  out 
in  thin  layers  and  in  contact  with  glass  surfaces ;  and  which,  by 
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compressing  the  globules,  forces  them  into  such  a  position  that  they 
may  occupy  the  le:iat  possible  space.  Tliis  position  is  evidently 
that  in  which  they  are  applied  to  each  other  by  their  flat  »urlace3, 
as  above  described. 

The  color  of  the  blood-globules,  when  viewed  by  transmitted 
light  and  spread.out  in  a  thin  layer,  is  a  light  amber  or  pale  yellow. 
It  is,  on  the  contrary,  deep  red  when  they  are  seen  by  reflected 
light,  or  piled  togetlier  in  coin]>arutively  thick  layer.s.  When  viewed 
singly,  they  are  so  transparent  that  tlie  outlines  of  those  lying  under- 
neath can  be  easily  seen,  showing  through  the  substance  of  the 
superjacent  globules.  Their  consistency  is  peculiar.  They  are  not 
solid  bodies,  as  tbey  have  been  sometimes  inadvertently  described; 
but  on  the  contrary  have  a  consistency  which  is  very  nearly  fluid. 
They  are  in  consequence  exceedingly  flexible,  and  easily  elongated, 
bent,  or  otherwise  distorted  by  accidental  pressure,  or  in  passing 
through  the  narrow  currents  of  fluid  which  often  establish  them- 
selves accidentally  in  a  drop  of  blood  under  mieroscoj/ic  examina- 
tion. This  distortion,  however,  is  only  temporary,  and  the  globules 
regain  their  original  shape,  as  soon  as  the  accidental  pressure  is 
taken  oft".  The  peculiar  flexibility  and  elasticity  thus  noticed  are 
characteristic  of  the  red  globules  of  the  blood,  and  may  always 
serve  to  distinguish  them  from  any  other  free  cells  which  may  be 
found  in  the  animal  tissues  or  fluids. 

In  structure  the  blood -globules  <are  homogeneous.  Thev  have 
been  sometimes  erroneously  described  as  consisting  of  a  closed 
vesicle  or  cell- wall,  containing  in  its  cavity  some  fluid  or  semi-fluid 
substance  of  a  different  character  from  that  composing  the  wall  of 
the  vesicle  itself.  No  such  structure,  however,  is  really  to  be  seen 
in  them.  Each  blood-globule  consists  of  a  mass  of  organized  ani- 
mal .sub-stance,  perfectly  or  nearly  homogeneous  in  appearance,  and 
of  the  same  color,  consistency  and  composition  throughout.  In 
some  of  the  lower  animals  (birds,  reptiles,  fish)  it  contains  also  a 
granular  nucleus,  imbedded  in  the  substance  of  the  globule;  but 
in  no  instance  is  there  any  distinction  to  be  made  out  between  an 
external  cell-wall  and  an  internal  cavity. 

The  appearance  of  the  blood-globules  is  altered  by  the  addition 
of  various  foreign  substances.  If  water  be  adtlcd.  so  as  to  dilute 
the  plasma,  the  globules  absorb  it  by  imbibition,  swell,  lose  their 
doable  central  concavity  and  become  paler.  If  a  larger  quantity 
of  water  be  added,  they  finally  dissolve  and  disappear  altogether. 
When  a  moderate  quantity  of  water  is  mixed  with  the  blood,  the 
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;e8  of  the  globules,  being  thicker  than  the  central  portions,  and 
lorbing  water  more  abundantly,  become  turgid,  and  encroach 
^dually  upon  the  central 
t.     (Fig.  61.)    It  is  very  ^*8-  «l- 

Dmon  to  see  the  central 
>res8ion  under  these  cir- 
nstances,  disappear  on  one 
e  before  it  is  lost  on  the 
ler,  BO  that  the  globule,  as 
swells  up,  curls  over  to- 
rds  one  side,  and  assumes 
peculiar  cup-shaped  form 
.  This  form  may  often  bo 
sn  in  blood-globules  that 
ve  been  soaking  for  some 
le  in  the  urine,  or  in  any 
ler  animal  fluid  of  a  less 
naitj  than  the  plasma  of 
3  blood.   Dilute  acetic  acid 

ssolves  the  blood-globules  more  promptly  than  water,  and  solu- 
ns  of  the  caustic  alkalies  more  promptly  still. 
If  a  drop  of  blood  be  allowed  partially  to  evaporate  while  under 
e  microscope,  the  globules 
ar  the  edges  of  the  prepa-  ^^'  *^' 

tion  often  diminish  in  size, 
id  at  the  same  time  present 
shrunken  and  crenated  ap- 
aranoe,  as  if  minute  gran- 
es  were  projecting  from 
leir  surfaces  (Fig.  62);  an 
Eact  apparently  produced 
f  the  evaporation  of  part 
'  thdr  watery  ingredients. 
>r  some  unexplained  rea- 
n,  however,  a  similar  dis- 
rtion  is  often  produced  in 
me  of  the  globules  by  the 
Idition  of  certain  other  ani- 
eJ  fluids,  as  for  example  the 
liva;  and  a  few  can  even  be  seen  in  this  condition  after  the 
dition  of  pure  water. 
14 


BtiOnD-ai.oBi'  i.mi,  shrankeu,  with  their  nargin* 
creDated. 
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Wlien  separated  from  the  other  ingredients  of  the  blood  a.n«\ 
examined  by  tberaselvea,  the  glolmles  arc  found,  according  to  LfttVi- 

inann,  to  preseot  the  following  compoaition :- — 

CoMPoamoH  or  the  BuioD-CiLOBDus  IM  1000  Ftien. 

Water 688.00 

Globtiline 282.22 

Uemniine      ..........         ,     liS.Tfr 

Fatty  aabSitaticiDH  ..........       2.31 

UnduturiiuTitfil  (extrautive)  matttirs        ......        2.60 

CI)lorid«  of  .»<ti|juin 

"  piitH:«»il)1H     .....,., 

Ptingphiitv:!  I  if  md»  aud  iMtassa  .«.>.. 
8ulpli.itt»  "  ".,.,.. 
PliospliEilt!  n{  lime 


6.12 


KKKI.OO 


-J 


The  most  important  of  these  ingredients  is  the  glohtiline.    Ti 
is  an  organic  sub.stance,  nearly  fluid  in  its  natural  conditioo  l^ 
union  with  water,  and  constituting  the  greater  part  of  the  mass  i 
the  biood-globules.     It  is  soluble  in  water,  but   insoluble  in  tb    -^ 
plasma  of  the  blood,  owing  to  the  presence  in  that  fluid  of  alburn^ 
and  .saline  matters.     If  the  blood  be  largely  diluted,  however,  ib^--^ 
globuliuc  is  dissolved,  as  already  mentioneti,  and  the  blood-globul 
are  destroyed.     Globuline  coagulates  by  heat;  but,  according  \ 
Robin  and  Verdeil,  only  becomes  opalescent  at  160°,  and  require^^^**^ 
fui'  its  complete  coagulation  a  temperature  of  200"*  F. 

The   htTftaline  is  the  coloring  matter  of  the  globules.     It  is,  lilc:^'*^ 
globnltne,  an  organic  substance,  but  is  present  in  much  smaller  quair 
lity  than  the  latter.     It  is  not  contained  in  the  form  of  a  powder 
mechanically  deposited  in  the  globuline,  but  the  two  substances 
intimately  mingled  throughout  the  mass  of  the  blood-globule,  ju; 
as  the  fibrin  and  albumen  are  mingled  in  the  plasma.      Hemati: 
contains,  like  the  other  coloring  matters,  a  small  proportion  of  iroi*' 
Tbis  iron  hjis  been  supposed  to  exist  under  the  form  of  an  oxid^s^"-"^' 
and  to  contribute  directly  in  this  way  to  the  red  color  of  the  sul^  -^^' 
stance  in  question.     But  it  is  now  a.scertained  that  although  iiir:^^^ 
iron  is  found  in  an  oxidized  form  in  the  ashes  of  the  blood -globular   ^ 
after  they  have  been  destroyed  by  heat,  its  oxidation  probably  tak« 
place  during  the  process  of  incineration.     S<i  far  as  we  know,  thei 
fore,  the    iron   exists  originally  in  the    hematine  as  an  ultima"*^^ 
element,  directly  combined  with  the  other  ingredients  of  this  sufc'* 
stance,  in  the  same  manner  as  the  carbon,  the  hydrogen,  or  tb^ 
niirojrcn. 
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The  blood-globules  of  all  the  warm-blooded  quadrupeds,  with 
le  exception  of  the  family  of  the  camelidse,  resemble  those  of  the 
iman  species  in  shape  and  structure.  They  differ,  however,  some- 
hat  in  size,  being  usually  rather  smaller  than  in  man.  There  are 
It  two  species  in  which  they  are  known  to  be  larger  than  in  man, 
z^  the  Indian  elephant,  in  which  they  are  ^y^xr  of  an  inch,  and 
e  two-toed  sloth  {Bradypus  didactylus),  in  which  they  are  jbVtj  of 
L  inch  in  diameter.  In  the  musk  deer  of  Java  they  are  smaller 
an  in  any  other  known  species,  measuring  rather  less  than  yj  J^xj, 
'  an  inch.  The  following  is  a  list  showing  the  size  of  the  red 
.obules  of  the  blood  in  the  principal  mammalian  species,  taken 
om  the  measurement  of  Mr.  Gulliver.* 


DiAVRTER 

OP 

Rbd  Olobdlbs  or  tbb 

Ape     . 

sj'osof  an  Inch. 

Cat     . 

T^gOf  an  inch 

Hone  . 

»«'(H 

« 

Pox     . 

•      iiVir        *| 

Ox       • 

Tl^SV 

<i 

Wolf  . 

sAff 

Sheep  . 

is'im 

11 

Elephant    « 

•      i^Jf       " 

Goat    . 

•        f^SV 

« 

Red  deer     . 

•         I5'«»           " 

Dog     . 

•      Wev 

(( 

Mnsk  deer  . 

1                 « 

In  all  these  instances  the  form  and  general  appearance  of  the 
;lobales  are  the  same.  The  only  exception  to  this  rule  among  the 
lammalians  is  in  the  family 


f  the  camelidsB  (camel,  drom- 
dary,  llama),  in  which  the 
[lobules  present  an  oval  out 
ine  instead  of  a  circular  one. 
n  other  respects  they  resem- 
»le  the  foregoing. 

In  the  three  remaining 
lasses  of  vertebrate  animals, 
iz.,  birds,  reptiles,  and  fish, 
he  blood-globules  di£Fer  so 
Duch  from  the  above  that 
bey  can  be  readily  distinguish- 
d  "by  microscopic  examina- 
ion.  They  are  oval  in  form, 
nd  contain  a  colorless  gran- 
ilarnacleus  imbedded  in  their 


Fig.  68. 


Biooo-OIOBDLIR  or  Fhoo. — a.  Blood-global* 
■Mn  edgewiaa.    b.  White  globule. 


<  In  Works  of  William  Hewson,  Sydenham  edition,  London,  1846,  p.  327. 
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substance.  They  are  also  considerably  larger  than  the  blood 
globules  of  the  mammalians,  particularly  iu  the  class  of  reptiles. 
In  the  frog  (Ftg.  63)  they  measure  jj'oj  of  an  inch  in  their  Ion? 
diameter ;  and  in  Ifcnobranchus,  the  great  water-lizard  of  the  north- 
ern lakes,  :},,(j  of  an  inch.  In  Proletts  anrfuinus  they  attain  ihe 
size,  according  to  Dr.  Carpenter/  of  j-l^  of  an  inch. 

Beside  the  corpuscles  described  above,  there  are  globules  of  an- 
other kind  to  be  found  in  the  blood,  viz.,  the  white  ghbulm.  These 
globules  are  much  less  numerous  than  the  red ;  the  proportion 
between  the  two,  in  human  blood,  being  one  white  to  about  three 
hundred  red  globules.  In  reptiles,  the  relative  quantity  of  the 
white  globules  is  greater,  but  they  are  always  consideral»ly  less 
abundant  than  the  rod.  They  differ  also  from  the  latter  in  shape, 
size,  color,  and  consistency.  They  are  globular  in  form,  white  or 
colorless,  and  instead  of  being  homogeneous  like  the  others,  their 
Bubstance  is  fillet!  everywhere  with  minute  dark  molecules,  which 
give  them  a  finely  granular  appearance.  (Fig.  57,  c.)  In  size  they^^ 
are  considerably  larger  than  the  red  globules,  being  about  ,jVn  or'^K'-f 
an  inch  in  diameter.  They  are  also  more  consistent  than  the  other^i,  ■ '  n, 
and  do  not  so  easily  glide  along  in  the  minute  currents  of  a  dropo{!^fc"-*f 
blood  under  examination,  but  adhere  readily  to  the  surfaces  of  ih^^  *e 
llaas.    If  treatetl  with  dilute  acetic  acid,  they  swell  up  and  becom^»'-«e 

smooth  and  circular  in  outlines  -^j 
and  at  the  same  time  a  aepa—  ^^^^ 
ration  or  partial  coagulatio 
seems  to  take  place  in  the  su 
Stance  of  which  they  are  com-- 
posed,  so  that  an  irregular  col  - 
lection  of  granular  matter^ 
shows  itself  in  their  interion 
becoming  more  divided  ani-^^-**^ 
broken  up  as  the  action  of  th^  ^^^ 
acetic  acid  upon  the  globule  -M^'® 
is  longer  continued.  (Fig.  64^ —  "^v 
This  collection  of  granula-^^*' 
matter  often  assumes  a  curvets  *"^ 
or  crescentic  form,  as  at  a,  an^  -° 
sometimes  various  other  irre'; 
ular  shapes.     It  does  not  ii 


Fig.  M. 


-1- 


t\  Rtrr  Ui.oivi.iti  or  tkc  Rlooo;  nltorol  \tj 
ill!at«*e«tic»cl(L 


'  The  Miumscnpa  and  it*  ReroUtHm-i,  PhilftdelphS*  edition,  p.  600. 
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ate  the  existence  of  a  nucleus  in  the  white  globule,  but  it  is 
rely  an  appearance  produced  by  the  coagulating  and  disintegrat- 
f  action  of  acetic  acid  upon  the  substance  of  which  it  is  composed. 
The  chemical  constitution  of  the  white  globules,  as  distinguished 
m  the  red,  has  never  been  determined ;  owing  to  the  small  quan- 
T  in  which  they  occur,  and  the  difiiculty  of  separating  them 
tn  the  others  for  purposes  of  analysis. 

rhe  two  kinds  of  blood-globules,  white  and  red,  are  to  be 
arded  as  distinct  and  independent  anatomical  forms.  It 
I  been  sometimes  supposed  that  the  white  globules  were 
iverted,  by  a  gradual  transformation,  into  the  red.  There 
bowever,  no  direct  evidence  of  this ;  as  the  transformation  has 
'^er  been  seen  to  take  place,  either  in  the  human  subject  or  in 

mammalia,  nor  even  its  intermediate  stages  satisfactorily  ob- 
ved.     When,  therefore,  in  default  of  any  such  direct  evidence^ 

are  reduced  to  the  surmise  which  has  been  adopted  by  some 
ihors,  viz.,  that  the  change  "  takes  place  too  rapidly  to  be  de- 
ted  by  our  means  of  observation,'"  it  must  be  acknowledged 
X  the  above  opinion  has  no  solid  foundation.    It  has  been  stated 

some  authors  (Kdlliker,  Gerlach)  that  in  the  blood  of  the 
Tachian  reptiles  there  are  to  be  seen  certain  bodies  intermediate 
appearance  between  the  white  and  the  red  globules,  and  which 
>re8ent  different  stages  of  transition  from  one  form  to  the  other ; 
t  this  is  not  a  fact  which  is  generally  acknowledged.  We  have 
jeatedly  examined,  with  reference  to  this  point,  the  fresh  blood 
the  frog,  as  well  as  that  of  the  menobranchus,  in  which  the  large 
le  of  the  globules  would  give  every  opportunity  for  detecting  any 
3h  changes,  did  they  really  exist ;  and  it  is  our  unavoidable  con- 
ision  from  these  observations,  that  there  is  no  good  evidence,  even 
the  blood  of  reptiles,  of  any  such  transformation  taking  place. 
lere  is  simply,  as  in  human  blood,  a  certain  variation  in  size  and 
acity  among  the  red  globules ;  but  no  such  connection  with,  or 
semblance  to,  the  white  globules  as  to  indicate  a  passage  from  one 
•m  to  the  other.  The  red  and  white  globules  are  therefore  to  be 
yarded  as  distinct  and  independent  anatomical  elements.  They 
B  mingled  together  in  the  blood,  just  as  capillary  bloodvessels  and 
rves are  mingled  in  areolar  tissue;  but  there  is  no  other  connection 
tween  them,  so  £ar  as  their  formation  is  concerned,  than  that  of 
xtaposition. 

'  KSlIiker,  Handbach  der  Qewebelehre,  I^ipzig,  1852,  p.  582. 
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Neither  is  it  at  all  probable  that  the  red  globules  are  produced  or 
destroyed  in  any  particular  part  of  the  body.  One  ground  for  the 
belief  that  these  Ixxlies  were  protluced  by  a  metamorphosis  of  the 
white  globules  was  a  supposition  that  they  were  continually  ami 
rapidly  destroyed  somewhere  ia  the  circulation ;  and  as  this  loss 
must  be  as  rapidly  counterbalanced  by  the  formation  of  new  glo- 
bule*, and  as  no  other  probable  source  of  their  rej)rod  uction  ap- 
peared, they  were  supposed  to  be  produced  by  transformation  uf 
the  white  globules.  But  there  is  no  reason  for  believing  that  the 
red  globules  of  the  blood  are  any  less  permanent,  jus  anatomical 
forms,  than  the  muscular  fibres  or  tbo  nervous  tllamenta.  'They 
undej'go,  it  is  true,  like  uU  the  constituent  parts  of  the  b*>1y.  .a 
constant  interstitial  metatnorphosis.  They  absorb  incetisantly  nu- 
tritious materials  from  the  blood,  and  give  up  to  the  circulating 
fluid,  at  the  same  time,  other  substances  which  result  from  their 
internal  wa.ste  and  disintegration.  But  they  do  not,  so  far  as  we 
know,  perish  bodily  in  any  part  of  the  circulation.  It  is  not  the 
anatumiical  fomiSf  anywhere,  which  undergo  destruction  and  reno- 
vation in  the  nutritive  process;  but  unit/  the  proximate prinriplrs  oj 
which  they  arc  composed.  The  eflect  of  this  interstitial  nutrition.^ 
therefore,  in  the  blood -globules  as  in  the  various  solid  tissues,  iat^ 
merely  to  maintain  them  in  a  natural  and  healthy  condition  or 'IK' 
integrity.  Their  ingredients  are  incessantly  altered,  by  transfornia —  ^ 
tion  and  decomposition,  as  they  pa.ss  through  various  part*  of  the^^ 
va.scular  system;  but  the  globules  themselves  retain  their  foru«r"^ 
and  texture,  and  still  remain  as  constituent  parts  of  the  circulatin^^s, 
fluid. 

Plasma. — The  plasma  of  the  blood,  according  to  Lehmaon, 
tbe  following  constitution: — 

COMPMSITIOS  Of  THE  PLABHA  »  1,000  PARIS. 

Wnter 902.90 

Fibrin 4.0S 

Albumuii      ...........       78.M 

Fatty  mattfrs 1,"J 

Und«lt^riiiiii<?fl  {extractive)  matters 3,M 

Chloride  of  sodium 

"  potassium 

PliDsphates  of  BodA  and  potassa  ..... 
Salphates  "  "..... 

Pliospbate  uf  lime 

"  magneBia        ..>... 
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he  above  ingredients  are  all  intimately  mingled  in  the  blood- 
ma,  in  a  fluid  form,  byniutiial  solution;  but  they  may  be  sepa- 
rated from  each  other  for  exattii nation  by  appropriate  means.  The 
two  ingredients  belonging  to  the  class  of  organic  substances  are  the 
librin  and  the  albiitnen. 

The  yj/irm,  though  present  in  small  quantity,  is  evidently  an  im- 
portant element  in  the  constitution  of  the  blood.     Tt  may  be  ob- 
'l:aiued  in  a  tolerably  pure  form  by  gently  stirring  freshly  dritwu 
"blood  with  a  glass  rod  or  a  bundle  of  twigs;  upon  which  the  fiV>rin 
*«oagulates,  and  adheres  to  the  twigs  in  the  form  of  slender  threads 
and  flakess.     The  fibrin,  thus  coagulated,  is  at  first  colored  rrd  1)y 
the  haimatine  of  the  blood-globules  entangled  in  it;  but  it  may  be 
-wasbed  colorless  by  a  few  hours'  soaking  in  running  water.     The 
■fibrin    then    presents   itself 

under    the   form  of  nearly  ^^^'  ^^' 

■white   threads    and    flakes, 
having  a  semi-solid  consist- 
^ancy,  and  a  considerable  de- 
^^«e  of  elasticity. 

The  coagulation  of  fibrin 
takes   place   in   a    peculiar 
manner.  It  does  not  solidify 
J    in  a  perfectly  homogeneous 
^^ass;  but  if  examined  by  the 
^Tiicroscope  in  thin  layers  it 
is  seen  to  have  a  fibroid  or 
filamentous  texture.   In  this 
condition  it   is  said   to   be 
"fibnllated.    (Fig.  60.)    The    duion. 

filaments  of  which  it  is  composed  are  colorless  and  elastic,  and  when 
isolated  are  seen  to  be  exceedingly  minute,  being  not  more  than 
;,g  or  even  ^jshjus  of  firi  inch  in  diameter.     They  are  in  part 
ranged  so  as  to  lie  parallel  with  each  other;  but  are  more  gene- 
rally interlaced  in  a  kind  of  irregular  network,  crossing  each  other 
,  every  direction.     On  the  addition  of  dilute  acetic  acid,  they  swell 
and  fuse  together  into  a  homogeneous  mass,  but  do  not  dissolve. 
jey  are  often  interspersed  everywhere  with  minute  granular  mole- 
iles,  which  render  their  outlines  more  or  less  obscure. 
Once  coagulated,  fibrin  is  insoluble  in  water  and  can  only  l>e 
ftgain  liquefied  by  the  action  of  an  alkaline  or  strongly  saline  solu- 
lioD,  or  by  prolonged  boiling  at  a  very  high  temperature.     These 
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agents,  however,  produce  a  complete  ulteration  in  the  properties ' 
the  fibriu,  and  after  being  subjected  to  them  it  is  no  longer  the 
same  substance  as  before. 

The  quantity  of  fibrin  in  the  blood  varies  in  diftercnt  parts  of  the 
body.  Aceording  to  the  observations  of  various  writers,  there  is 
for  the  most  part  lesa  fibrin  in  venous  tiian  in  arterial  blood.  It 
is  also  more  deficient  in  the  blood  of  the  large  veins  near  the  heart 
than  of  those  at  a  distance.  It  disappears  especially  daring  the 
circulation  through  the  liver  and  the  kidneys;  and,  as  a  general 
rule,  there  is  no  fibrin  in  tlm  blood  of  the  hepatic  or  the  renal  veins. 

The  albumen  is  undoubtedly  the  most  important  ingredient  of  the 
plasma,  judging  both  from  its  nature  and  the  abundance  in  which 
it  occurs.  It  coagulates  at  once  on  being  heated  to  160"  F.,  or  by 
contact  with  alcohol,  the  mineral  acid.s,  the  metallic  salts,  or  with 
ferrocyanide  of  potassium  in  an  acidulated  solution.  It  exists  natu- 
rally in  the  phusma  in  a  fluid  form  by  reason  of  its  union  with 
water.  The  greater  part  of  the  water  of  the  plasma,  in  fact,  is  in 
union  with  the  albumen ;  and  wben  the  albumen  coagulates^  the 
water  remains  united  with  it,  and  assumes  at  the  same  time  tbe| 
solid  form.  If  the  plasma  of  the  blood,  therefore,  after  the  removal 
of  the  fibrin,  be  exposed  to  the  temperature  of  160°  F.,  it  solidifiea 
almost  completely ;  so  that  only  a  few  drops  of  water  remain  that 
can  be  drained  away  from  the  coagulated  moss.  The  phosphates 
of  lime  and  magnesia  are  also  held  in  solution  principally  by  ihe 
albumen,  and  are  retained  by  it  in  coagulation. 

A  certain  quantity  of  albuminose  is  also  to  be  found  in  the  blood, 
probably  derived  from  the  products  of  digestion.  Its  average 
quantity,  according  to  Robin/  is  from  2  to  3  parts  per  thousand. 
As  it  is  absorbed  in  considerable  quantities  from  the  intestine 
during  digestion,  and  neither  accumulates  in  the  blood  nor  appears fl 
in  any  of  the  excretions,  it  must  be  transformed  into  some  other™ 
8ub.<)lance  nearly  as  fast  as  it  is  taken  into  the  blood. 

The  fatty  iixatlers  exist  in  the  blood  mostly  in  a  saponified  fonn, 
excepting  soon  after  the  digestion  of  food  rich  in  fat.  At  that 
period,  as  we  have  already  mentioned,  the  emuLsioned  fat  finds  ita 
way  into  the  blood,  and  circulates  for  a  time  unchanged.  After- 
wards it  disappears  as  free  fat,  and  remains  partly  in  the  saponified 
condition. 

The  saline  xngredienia  of  the  plasma  are  of  the  same  nature  with 
those  existing  in  the  globules.     The  chlorides  of  sodium  and  putOft- 
>Lc9ons  Bur  lea  Hiunears,  page  108. 
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slum,  and  the  phosphates  of  soda  and  potassa  are  the  most  abundant 
in  both,  while  the  sulphates  are  present  only  in  minute  quantity. 
The  proportions  in  which  the  various  salts  are  present  are  very  dif- 
ferent, according  to  Lehmann,*  in  the  blood-globules  and  in  the 
plasma.  Chloride  of  potassium  is  most  abundant  in  the  globules, 
while  in  the  plasma  chloride  of  sodium  is  the  most  abundant,  form- 
ing rather  more  than  one-half  of  all  the  saline  ingredients  taken 
together.  The  phosphates  of  soda  and  potassa  are  more  abundant 
in  the  globules  than  in  the  plasma.  On  the  other  hand,  the  phos- 
phates of  lime  and  magnesia  are  more  abundant  in  the  plasma  than 
in  the  globules. 

The  alkalescence  of  the  plasma  is  due  to  the  presence  of  the  car- 
bonate and  basic  phosphate  of  soda.  It  has  already  been  men- 
tioned, that,  while  the  alkaline  phosphates  are  most  abundant  in 
the  blood  of  the  carnivora,  the  carbonates  are  most  abundant  in 
that  of  the  herbivora.  Thus  Lehmann  *  found  carbonate  of  soda 
in  thfe  blood  of  the  ox  in  proportion  of  1.628  per  thousand  parts. 
The  substances  known  under  the  name  of  extractive  matters  consist 
of  a  mixture  of  different  ingredients,  of  organic  origin,  which  have 
not  yet  been  separated  in  a  state  of  sufficient  purity  to  admit  of 
their  being  thoroughly  examined  and  distinguished  from  each  other. 
They  do  not  exist  in  great  abundance,  but  are  undoubtedly  of 
considerable  importance  in  the  constitution  of  the  blood.  There 
are  also  to  be  found,  in  solution  in  the  blood,  urea,  urate  of  soda, 
creatine,  creatinine,  sugar,  &c. ;  all  of  them  crystal lizable  substances 
derived  from  the  transformation  of  other  ingredients  of  the  blood, 
or  of  the  tissues  through  which  it  circulates.  The  relative  quan- 
tity, however,  of  these  substances  is  very  minute,  and  has  not  yet 
been  determined  with  precision. 

Coagulation  of  the  Blood. — A  few  moments  after  the  blood 
has  been  withdrawn  from  the  vessels,  a  remarkable  phenomenon 
presents  itself,  viz.,  its  coagulation  or  clotting.  This  process  com- 
mences at  nearly  the  same  time  throughout  the  whole  mass  of  the 
blood.  The  blood  becomes 'first  somewhat  diminished  in  fluidity, 
so  that  it  will  not  run  over  the  edge  of  the  vessel,  when  slightly 
inclined ;  and  its  surface  may  be  gently  depressed  with  the  end  of 
the  finger  or  a  glass  rod.  It  then  becomes  rapidly  thicker,  and  at 
last  solidifies  into  a  uniformly  red,  opaque,  consistent,  gelatinous 
mass,  which  takes  the  form  of  the  vessel  in  which  the  blood  was 
iQp.  eit.,  Tol.  i.  p.  546.  >0p.  oit.,  toI.  i.  p.  898. 
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received.  Its  coagulation  is  tbeu  complete.  Tha^HHIb  usually 
commences,  in  the  case  of  the  human  subject,  in  about  fifteen  min- 
utes after  the  blood  has  been  drawn,  and  is  completed  in  about 
twenty  minutes. 

The  coagulation  of  the  blood  is  dependent  entirely  upon  the 
presence  of  the  fibrin.  This  fact  has  been  demonstrated  in  various 
ways.  In  the  first  place,  if  frog's  blood  he  filtered,  so  a^  to  separate 
the  globules  and  leave  them  uj>on  the  filter,  while  the  phLsiitii  in 
allowed  to  run  through,  the  colorless  filtered  fluid  which  contains 
the  fibrin  soon  cunj^ulates;  while  no  coagulation  takes  place  in  ilie 
moist  globules  remaining  on  the  filter.  Again,  if  the  freshly  drawn 
blocKl  be  stirred  with  a  bundle  of  rods,  as  we  have  already  de- 
scribed above,  the  fibrin  coagulates  ujum  them  by  itself,  while  the 
rest  of  the  plasma,  mixed  with  the  globules,  remains  perfectly  fluid. 
It  is  the  fibrin,  therefore,  which,  by  its  own  coagulation,  induces 
the  solidification  of  the  entire  blood.  As  the  fibrin  is  uniformly 
distributed  throughout  the  blood,  when  its  coagulation  takes  place 
the  minute  filaments  which  make  their  appearance  in  it  entangle 
in  their  meshes  the  globules  and  the  albuminous  fluids  of  the 
jthuHma.  A  very  small  quantity  of  fibrin,  therefore,  is  suflicieut  to 
entangle  by  its  solidification  all  the  fluid  and  semi-fluid  ingredients 
which  were  mingled  with  it,  and  convert 
the  whole  into  a  voluminous,  trembling, 
jelly  like  mass  of  coagulated  or  "clotted" 
blood.  (Fig.  66.) 

As  soon  as  the  clot  has  fairly  formed,  it 
begins  to  contract  and  diminish  in  size.  Ex- 
actly how  this  contraction  of  the  clot  is  pro- 
duced, we  are  unable  to  say;  but  it  is  proba- 
bly a  continuation  of  the  same  process  by 
Bnwi  of  rMwoOy  c..*or-  wliicli  its  solidilication  is at  first  accompHfihcHl, 
t*TM,B,.o..n  ..,.>«*««  u,*    Q^  ^^  igj^gj  one  verv  similar  to  it     As  the 

ml) Ilia  mtunt  aQilortiilf  >ulldl- 

And  contraction  proceeds,  the  albuminous  fluids 

l)egin  to  be  pressed  out  from  the  meslies  in 
which  they  were  entangled.  A  few  isolated  drops  first  appear  on 
tlie  surface  of  the  clot.  These  drops  soon  increase  in  size  and  be- 
come more  numerous.  They  run  together  and  coale.sce  with  c^iclv 
other,  us  mure  and  more  fluid  exudes  from  the  coagulated  ma-ss, 
until  the  whole  surface  of  the  clot  is  covered  with  a  ihin  layer  of 
fluid.  The  clot  at  first  adheres  pretty  strongly  to  the  sides  of  lh« 
vessel  into  which  the  blood  was  drawn;  but  aa  ita  contraction  goes 


Fig.  66. 
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on,  its  edges  are  separated,  and  the  fluid  continues  to  exude  betweeu 
it  and  the  sides  of  the  vessel.    This  exudation 
continues  for  ten  or  twelve  hours ;  the  clot  Fig.  67. 

growing  constantly  smaller  and  firmer,  and 
the  expressed  fluid  more  and  more  abundant. 
The  globules,  owing  to  their  greater  con- 
sistency, do  not  escape  with  the  albuminous 
fluids,  but  remain  entangled  in  the  fibrinous 
coagulura.    Finally,   at   the  end  of  ten    or 

twelve   hours  the  whole  of  the   blood  has 

usually  separated  into  two  parts,  viz.,  the  cbi     b„^j    „,    coaodlated 
which  is  a  red,  opaque,  dense  and  resisting  bi-ook,  after  tweuo  hour*; 

...  .     .  1?     i        rsi     •  J     "howlng    the   clot    cnotrmcted 

aemi-solid  mass,  consistmg  oi  the  nbrm  and  ^nd  noMiDg  in  th«  flaid  seram. 
the  blood-globules ;  and  the  serum,  which  is  a 
transparent,  nearly  colorless  fluid,  containing  the  water,  albumen 
and  saline  matters  of  the  plasma.  (Fig.  67.) 

The  change  of  the  blood  in  coagulation  may  therefore  be  ex- 
pressed as  follows : — 

Before  coagulation  the  blood  consists  of 


Ist.  Olobdles  ;  aiid  2d.  Plaama — containing 


Fibrin, 
Albamen, 
Water, 
L  Salts. 
After  coagulation  it  is  separated  into 

•        J  ( Albumen, 

Ist.  Cixw,  containing  |  q,  "°  ^J*.       and  2d.  Sebcm ,  containing  ]  Water, 
*  '  -  '  Salts. 

The  coagulation  of  the  blood  is  hastened  or  retarded  by  various 
physical  conditions,  which  have  been  studied  with  care  by  various 
observers,  but  more  particularly  by  Robin  and  Verdeil.  The  con- 
ditions which  influence  the  rapidity  of  coagulation  are  as  follows : 
first,  the  rapidity  with  which  the  blood  is  drawn  from  the  vein, 
ind  the  size  of  the  orifice  from  which  it  flows.  If  blood  be  drawn 
"apidly,  in  a  full  stream,  from  a  large  orifice,  it  remains  fluid  for  a 
tomparatively  long  time;  if  it  be  drawn  slowly,  from  a  narrow 
krifice,  it  coagulates  quickly.  Thus  it  usually  happens  that  in  the 
operation  of  venesection,  the  blood  drawn  immediately  after  the 
ipening  of  the  vein  runs  freely  and  coagulates  slowly ;  while  that 
Mrhich  is  drawn  toward  the  end  of  the  operation,  when  the  tension 
>f  the  veins  has  been  relieved  and  the  blood  trickles  slowly  from 
;lie  wound,  coagulates  quickly.  Secondly,  the  shape  of  the  vessel 
.nto  which  the  blood  is  received  and  the  condition  of  its  internal 
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nurfdoe.  The  greater  the  extent  of  surface  over  which  the  blood 
coincH  in  contact  with  the  vessel,  the  more  is  its  coaguhitir<n 
baHtened.  ThuH,  if  the  blood  be  allowed  to  flow  into  a  tall,  narrovr, 
cylindricul  vessel,  or  into  n  shallow  plate,  it  coagulates  more  rapidly 
than  if  it  be  received  into  a  hemispherical  bowl,  in  which  the  ex- 
tent of  tfurfnce  ia  Ichm,  in  proportion  to  the  entire  quantity  of  blood 
which  it  contains.  For  the  same  reason,  coagulation  takes  pUce 
more  rapidly  in  a  vessel  with  a  roughened  internal  surface,  than  in 
t)iw  which  18  Hindoth  and  poli.slied.  The  blood  coagulates  most 
rapidly  when  npreail  out  in  thin  layers,  and  entangled  among  the 
flbn\s  of  idoth  or  sponges.  For  the  same  reason,  also,  hemorrhage 
contintien  hingor  from  an  incised  wound  than  from  a  lacerated  one ; 
because  the  blood,  in  (lowing  over  the  ragged  edges  of  the  lace- 
rated MiiodvcHscls  and  tissues,  solidifies  upon  them  readily,  and  thas 
blocktt  up  iho  wound. 

In  all  tJK'se  wises,  there  is  an  inverse  relation  between  the  rapidity 
of  coagulation  and  the  firmness  of  the  clot.  When  coagulation 
U»kes  place  slowly,  the  clot  afterward  becomes  small  and  dense,  and 
tlu'  Horum  is  abundant.  When  coagulation  is  rapid,  there  is  bat 
little  contntetion  of  the  coagulnm,  an  im|)erfect  separation  of  the 
aerum,  and  the  clot  remains  large,  soft,  and  gelatinous. 

It  is  well  known  to  practical  physicians  that  a  similar  relatioTi 
exists  when  the  coagulation  of  the  blood  is  hastened  or  retarded  br 
disease.     In  cases  of  lingering  and  exhausting  illness,  or  in 
of  a  typhoid  or  exanthematous  character,  with  much  depreomaii  of 
the  vital  powers,  the  blood  coagulates  rapidly  and  the  clot 
ftufl.     In  cases  of  active  inflammatory  disease,  as  pleurisy  or  pOM 
luoniti,  cK'curring  in  previously  heiilthy  subjects,  the  blood 
slowly,  autl  the  clot  beoomes  very  firm.    In  erery  i 
blood  which  htLA  onoe  ooagnlated  liqaefies  again  at  the 
ment  of  pQtra&clioo. 

Tho  blood  ooagufaites  also  in  the  iqterior  of  the 
mti  l4t  wkfgnft  ^f  tM*  eiraUaliom.    Under  theae  cii 
agttUtioik  takiw  place  leaa  rapidly  than  if  the  blood 
wilhdfavQ  ftomtbo  body,  owing  probably  to  its 
tact  with  tbi»  smooth  internal  surboes  of  the  UoodveanK  «ad  1^ 
tWtmotegndiialtoasofitsBatBtalteinpentiira.  InBa«,a«a 
i«K  t)M  bkM»d  is  fiiMMid  eoagulated  in  the  eavitiaa  of  iW 
lfti|{a  TQSS^  in  from  twelve  to  tv«&tr-foar  bo«ts  sAer  liraih     In 
ike  lower  animah^  ooagnlatioo  ocean 
Ibar  to  loa  bows  after  death.    The  blood 
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»f  the  heart  sooner  than  elsewhere,  and  the  clot  in  the  ventricles 
B  often  found  to  be  so  entangled  with  the  valves  and  chordce  ten- 
linesB  as  to  be  extricated  from  them  with  difficulty. 

Coagulation  of  the  blood  takes  place  also  in  the  interior  of  the 
>ody  even  during  life,  whenever,  from  any  cause,  there  is  a  local 
irrest  or  impediment  of  the  circulation.  Thus,  if  blood  be  ac- 
ddentally  extravasated  into  the  meshes  of  the  areolar  tissue,  the 
nibatance  of  the  brain  or  spinal  cord,  or  into  a  serous  cavity,  it 
coagulates  in  these  situations,  after  a  short  time,  and  forms  a  clot 
rhich  takes  the  shape  of  the  cavity  occupied  by  it.  Even  in  the 
vessels  themselves,  if  the  blood  be  arrested  or  imprisoned  in  any 
^articular  locality  by  pressure  or  ligatures,  the  same  result  follows, 
[f  a  ligature  be  placed  upon  an  artery  in  the  living  subject,  the 
blood  which  stagnates  above  the  ligatured  spot  coagulates  as  it 
would  do  if  entirely  removed  from  the  circulation.  The  clot,  under 
these  circumstances,  extends  from  the  ligature  backward  to  the 
dtuation  of  the  next  collateral  arterial  branch,  that  is,  to  the  point 
at  which  the  movement  of  the  circulation  still  continues.  In  all 
cases,  during  life  as  after  death,  the  stoppage  or  retardation  of  the 
circulatory  movement  induces,  after  a  longer  or  shorter  interval, 
the  coagulation  of  the  fibrin  of  the  blood. 

The  coagulation  of  the  fibrin  is  not  a  commencement  cf  organization  ; 
it  is  merely  its  passage  from  the  normal  fluid  condition  to  an  un- 
natural state  of  solidity,  as  in  the  coagulation  of  the  other  organic 
substances.  The  filaments  already  described,  which  show  them- 
selves in  the  clot  (Fig.  65),  are  not,  properly  speaking,  organized 
fibresi,  and  are  entirely  different  in  their  character  from  the  fibres 
of  areolar  tissue,  or  any  other  normal  anatomical  elements.  They 
are  simply  the  ultimate  form  which  fibrin  assumes  in  coagulating, 
just  as  albumen  takes  the  form  of  granules  under  the  same  circum- 
Jtances.  The  clot,  therefore,  when  once  formed,  even  in  the  inte- 
ior  of  the  system,  as  in  cases,  of  ligature,  apoplexy  or  extra  vasa- 
ion,  becomes  a  foreign  body,  and  is  slowly  reabsorbed  by  the 
leigbboring  parts  during  convalescence.  This  reabsorption  of  the 
dot  is  progressive,  and  is  accompanied  by  various  changes  in  its 
ippearance  and  consistency.  At  first  it  is  comparatively  volumi- 
loas,  soft,  and  of  a  deep  red  color.  Its  more  fluid  parts,  or  the 
lernm,  are  then  reabsorbed  and  the  clot  becomes  smaller  and  denser. 
rbe  red  coloring  matter  then  gradually  diminishes,  the  whole  mass 
becoming  constantly  more  and  more  decolorized  and  reduced  in 
size  as  absorption  goes  on,  until  it  loses  entirely  its  Qriginal  ap- 
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pearance,  and  fiually  altogether  disappears.  The  time  required 
for  complete  reabsorptiun  varies  from  a  few  days  to  several  muutha, 
according  to  the  size  of  the  clot  and  the  situatioa  ia  which  extra- 
vaaation  has  taken  place. 

Fibrin,  therefore,  is  distinguished  from  tlie  other  organic  ingre- 
dients of  the  blood  by  its  spontaneous  coagulation.  Its  consti- 
tution is  such,  that,  without  the  addition  of  heat  or  any  ohemical 
agent,  it  necessarily  solidifies  after  a  longer  or  shorter  time,  pro- 
vided only  that  the  movement  of  the  blood  in  the  circulation  be 
arrested  or  seriously  impecleJ.  Why  then  docs  it  not  coagiilaw 
in  the  vessels  during  life,  and  while  the  circulation  is  actually 
going  on  ? 

The  answer  to  this  question  is  as  follows: — The  fibrin  remains 
fluid  during  the  natural  state  of  the  circulation,  because,  like  the 
other  ingredients  of  the  blood,  it  is  constantly  undergoing  changes 
which  prevent  its  arriving  at  the  state  necessary  for  coagulation. 
"We  can  easily  understand  how  this  should  be  the  case  when  we 
remember,  in  the  first  place,  the  extreme  rapidity  with  which  the  4j_^e 
blood  moves  in  the  vessels  of  the  living  body.  We  shall  see  here-  —  ^- 
after  that  from  twenty-five  seconds  to  half  a  minute  is  sufficient .i^  Mt 
for  the  blood  to  accomplish  the  entire  round  of  the  circulation,  so-^c^^-o 
that  during  this  time  it  visits  the  remotest  organs  and  tissues  and^E::^ 
returns  again  to  the  right  side  of  the  heart. 

Secondly,  the  fibrin  of  the  blood  disappears  while  passing  Utrough^^^ 
tjie  liver  and  the.  kidneys.  This  fact  is  fully  established  by  the  ob —  ^^ 
servations  of  Simon,'  Lehmann,'  Bernard,  and  Brown-Sequard.^  — * 
"While  there  is  an  abundance  of  fibrin  ia  both  arterial  and  portaK"  -^ 

blood,  none,  or  only  feeble  traces  of  it,  can  be  found  in  that  of  the  he^ ■ 

palic  or  the  renal  veins.  It  is,  therefore,  decomposed  or  transforrae< 
into  some  other  substance  while  passing  through  these  organs;  and, 
its  quantity  in  the  blood  remaining  unimpaired,  a  fresh  supply  must 
be  as  constantly  formed  elsewhere.  By  calculating  approxima- 
tively  the  quantity  of  blood  contained  in  the  whole  body,  and  that 
pa.ssiag  daily  through  the  liver  and  kidneys,  it  is  easy  to  estimate 

that  a  quantity  of  fibrin  equal  to  that  in  the  entire  blood  is  destroyed 

and  reproduced  several  times  over  ia  the  course  of  a  single  day^ 
Tliua  the  fibrin  existing  in  the  blood  at  any  one  time  is  that  wbich^ 
has  been  recently  formed  ;  and  before  the  time  arrives  at  which— 

'  Chemistry  of  Mho.     Day's  Translation.     Philadelphia,  1840,  p,  ]78. 

■Journal  ftir  praktiscbe  Chcmie,  18^1,  p.  205. 

■  Journal  de  la  Pbysiologie.     Paris,  April,  1868,  p.  298. 
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it  would  naturally  coagulate  while  still  in  the  vessels,  it  has  al- 
ready been  deoomposed  by  its  usual  metamorphosis  in  the  circu- 
lation, and  has  been  replaced  by  a  new  supply  of  still  more  recent 
formation.  But  if  any  portion  of  the  blood  be  shut  off  from  the 
circulation,  by  ligature  or  otherwise,  its  fibrin  remains  unaltered, 
and  in  due  time  necessarily  coagulates. 

It  is  evident,  therefore,  that  the  spontaneous  coagulation  of  the 
fibrin,  though  a  property  by  which  we  recognize  it  when  with- 
drawn  from  the  vessels,  is  really  an  abnormal  phenomenon,  and 
never  takes  place  in  the  natural  state  of  the  circulation. 

Nevertheless,  the  coagulability  of  the  blood  is  a  very  character- 
istic property,  and  becomes  an  exceedingly  important  one  under 
many  accidental  circumstances.  It  is,  in  fact,  the  natural  means 
by  which  hemorrhage  is  arrested,  after  a  wound  of  any  vas- 
cular tissue.  If  such  a  wound  be  compressed  for  a  short  time,  a 
thin  layer  of  blood  coagulates  between  its  edges,  and  the  adherent 
clot  thus  formed  acts  as  a  temporary  plug  until  the  parts  have  per- 
manently re-united  by  the  slower  growth  of  new  tissue.  A  torn 
or  contused  wound  bleeds  less  freely  than  an  incised  one,  because 
the  blood  coagulates  more  rapidly  upon  the  ragged  edges  of  the 
lacerated  tissues  and  thus  blocks  up  the  opening.  When  an  artery 
of  considerable  size  is  wounded,  and  the  surgeon  places  a  ligature 
Upon  its  divided  extremity,  the  clot  formed  behind  the  ligature 
acts  as  a  still  more  permanent  plug  and  prevents  hemorrhage  even 
after  the  ligature  has  been  thrown  off  by  ulceration. 

The  enMre  quantity  of  blood  existing  in  the  body  is  difficult  to 
Ascertain  with  absolute  precision.  It  is  not  possible  to  extract  the 
JV^hoIe  of  it  by  opening  the  large  vessels,  since  a  certain  portion 
>nll  always  remain  in  the  cavities  of  the  heart,  in  the  veins,  and  in 
;lie  capillaries  of  the  head  and  abdominal  organs.  The  other 
3iethods  which  have  been  practised  or  proposed  from  time  to  time 
xre,  for  the  most  part,  liable  to  some  practical  objection.  There 
18  no  doubt  also  that  the  quantity  of  blood  varies  within  physi- 
Dlogical  limits  according  to  the  condition  of  fasting  or  digestion ; 
since  it  will  necessarily  be  more  abundant  after  the  digestion  and 
absorption  of  a  full  meal,  than  in  a  state  of  prolonged  abstinence. 
Bernard*  has  found,  furthermore,  that  if  a  poisonous  substance  be 
injected  in  definite  quantity  into  the  veins  of  a  living  animal,  it 
requires  a  considerably  larger  quantity  to  produce  death  if  the 
animal  be  in  digestion  than  if  he  be  fasting,  since  the  proportion 
^Liquides  de  rOrganisme,  Paris,  1859.     Tome  i.,  p.  419. 


224 


THE    BLOOD. 


of  the  poison  to  the  whole  mass  of  the  blood  differs  in  the  two 
cases.  Tbe  most  satisfactory  method  for  ascertaining  approxioia- 
tivelj?  the  entire  quantity  of  blood  in  the  human  subject  is  that 
adopted  by  Weber  and  Lehnianu.'  These  observers  operated  upon 
two  criminals  who  suffered  death  by  decapitation ;  in  each  of  which 
instances  both  the  methods  and  results  were  essentially  similar. 
In  one  of  them  the  quantities  obtained  were  as  follows : — The 
body  weighed  before  decapitation  133  pounds  avoirdupois.  The 
bloi>d  which  escaped  from  the  vessels  at  the  time  of  decapitation 
amounted  to  12.27  pounds.  In  order  to  estimate  the  quantity  of 
blood  which  remained  in  the  vessels,  the  experimenters  then  in- 
jected the  arteries  of  tbe  head  and  trunk  with  water  until  it  re- 
turned from  the  vessels  of  a  pale  red  or  yellow  color,  collected  the 
fluid  thus  returned,  and  ascertained  how  much  solid  matter  it  held 
in  solution.  This  amounted  to  477.22  grains,  which  corresponded 
to  4.38  pounds  of  blood.  Tbe  result  of  the  experiment  is  therefore 
as  follows : — 

Blood  wliich  escaped  from  the  Tesselfl 12.27  pounJa. 

"  remained  in  the  bodj 4.3M        ■' 


Whole  qiianlilj  of  blood  in  the  living  body,  16.65 

The  weight  of  the  blood,  then,  in  proportion  to  the  entire  weight^ . 
of  the  body,  was  as  1 :  8 ;  and  the  body  of  a  healthy  man,  weighing 
145  pounds,  will  therefore  contain  on  the  average  about  18  pounds 
of  blood. 

■  Plijrsiologioal  Chemialry,  toI.  i.  p.  688. 
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BE8PIRATI0N. 

The  blood  as  it  circulates  in  the  arterial  system  bas  a  bright 
scarlet  color ;  but  as  it  passes  through  the  capillaries  it  gradually 
becomes  darker,  and  on  its  arrival  in  the  veins  its  color  is  a  deep 
purple,  and  in  some  parts  of  the  body  nearly  black.  There  are, 
therefore,  two  kinds  of  blood  in  the  body ;  arterial  blood,  which  is 
of  a  bright  color,  and  venous  blood,  which  is  dark.  Now  it  is  found 
that  the  dark-colored  venous  blood,  which  has  been  contaminated 
by  passing  through  the  capillaries,  is  unfit  for  further  circulation. 
It  is  incapable,  in  this  state,  of  supplying  the  organs  with  their 
healthy  stimulus  and  nutrition,  and  has  lost  its  value  as 
a  circulating  fluid.  It  is  accordingly  carried  back  to  the 
heart  by  the  veins,  and  thence  sent  to  the  lungs,  where  it  is  recon- 
verted into  arterial  blood.  The  process  by  which  the  venous  blood 
is  thus  arterialized  and  renovated,  is  known  as  the  process  of 
respiration. 

This  process  takes  place  very  actively  in  the  higher  animals,  and 

probably  does  so  to  a  greater  or  less  extent  in  all  animals  without 

exception.     Its  essential  conditions  are  that  the  circulating  fluid 

should  be  exposed  to  the  influence  of  atmospheric  air,  or  of  an 

aerated  fluid;  that  is,  of  a  fluid  holding  atmospheric  air  or  oxygen 

in  solution.     The  respiratory  apparatus  consists  essentially  of  a 

moist  and  permeable  animal  membrane,  the  respiratory  membrane, 

tirith  the  bloodvessels  on  one  side  of  it,  and  the  air  or  aerated  fluid 

On  the  other.    The  blood  and  the  air,  consequently,  do  not  come  in 

direct  contact  with  each  other,  but  absorption  and  exhalation  take 

place  from  one  to  the  other  through  the  thin  membrane  which  lies 

V>etween. 

The  special  anatomical  arrangement  of  the  respiratory  apparatus 
Offers  in  different  species  of  animals.  In  most  of  those  inhabiting 
Ihe  water,  the  respiratory  organs  have  the  form  of  gills  or  branchise; 
that  is,  delicate  filamentous  prolongations  of  some  part  of  the 
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Head   akx>   Gilli   or   Kiilo*BA»«sr». 


integument   or   mucous  membranes,  wbich,  contain   an  abandatr 
supply  of  bloodvessels,  and  wliich  liung  out  freely  into  the  sur  • 
rounding  water.     In  many  kinds  of  aquatic  lizards,  as,  for  exaia. 
pie,  ill  menobranchvs  (Fig.  68), 
there  are  upon  each  side  of  the  ^' 

neck  three  delicate  feathery 
tufts  of  thread-like  prolonga- 
tions from  the  mucous  mem- 
brane of  the  pharynx,  which 
pass  out  through  iiasures  in 
the  side  of  the  neck.  Each 
tuft  is  composed  of  a  prin- 
cipal stem,  upon  which  the 
filaments  are  arranged  in  a 
pinnated  form,  like  the  plume  upon  the  sbaft  of  a  feather.  Eao 
filament,  when  examined  by  itself,  is  seen  to  consist  of  a  thin,  rib 
bon-ahaped  fold  of  mucous  membrane,  in  the  interior  of  whic 
there  is  a  plentiful  network  of  minute  bloodvessels.  The  dar 
blood,  as  it  comes  into  the  filament  from  the  branchial  artery,  " 
exposed  to  the  influence  of  the  water  in  which  the  filament  ' 
bathefl,  and  as  it  circulates  througli  the  capillary  network  of  ih 
gills  is  reconverteti  into  arterial  blood.  It  is  then  carried  away  hi 
the  branchial  vein,  and  passes  into  the  general  current  of  the  ct« 
culation.  The  apparatus  is  further  supplied  with  a  cartilagino» 
framework,  and  a  set  of  muscles  by  which  the  gills  are  gently  vravm 
about  in  the  surrounding  water,  and  constantly  brought  into  co 
tact  with  fresh  portions  of  the  aerated  fluid. 

Most  of  the  aquatic  animals  breathe  by  gills  similar  in  all  the 
essential  characters  to  those  described  above.    In  terrestrial  aH 
air-breathing  animals,however,  the  respiratory  apparatus  is  situai* 
internally.     In  them,  the  air  is  made  to  penetrate  into  the  interii 
of  the  body,  into  certain  cavities  or  sacs  called  the  lungs,  whi 
arc  linefl  with  a  vascular  mucous  membrane.     In  the  8alaraxinde=; 
for  example,  which,  though  aquatic  in  their  habits,  are  air-breatlii 
animals,  the  lungs  are  twu  long  cylindrical  sacs,  running  nearly  ts 
entire  length  of  the  body,  commencing  anteriorly  by  a  comroti' 
t-ation  with  the  pharynx,  and  terminating  by  rounded  extrerait 
at  the  posterior  part  of  the  abdomen.     These  lungs,  or  air 
have  a  smooth  internal  surface  ;  and  the  blood  which  circular 
through  their  vessels  is  arterialized  by  exposure  to  the  air  contair^ 
in  their  cavities.     The  air  is  forced  into  the  lungs  by  a  kind 
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itated  and  dis- 


ilowing  movement,  and  is  after  a  time  regurgi 
irged,  iu  order  to  make  room  for  a  fresh  supply. 
In  frogs,  turtles,  serpeots,  &c.,  the  structure  of  tlie  lung  is  a 
Je  more  comj>licated,  since  respiration  is  more  active  in  these 
imals,  and  u  more  perfect  organ  ia  requisite  to  accomplish  the 
erialization  of  the  blood.  In  these  animak,  the  cavity  of  the 
ig.  instead  of  being  simple,  is  dtvideil  by  incomplete  partitions 

0  a  number  of  smaller  ciivities  or  "  cells,"  The  cells  all  comma- 
late  with  the  central  pulmonary  cavity ;  and  the  partitions,  which 
n  each  other  at  various  angles,  are  all  composed  of  thin,  pro- 
jting  folds  of  the  lining  membrane,  with  bloodvessels  ramifying 

between  them.  (Fig,  69.)  By  this  arrangement, 
the  extent  of  surface  presented  to  the  air  by  the 
pulmonary  membrane  is  much  increa-sed,  and  the 
arterial ization  of  the  bltwd  takes  place  with  a 
corresponding  degree  of  rapidity. 

In  the   human  subject,  and  in  all  the  warm- 
blooded quadrupeds,  the  lungs  are  constructed 
on   a  plan  which  is  essentially  similar  to   the 
above,  and   which   differs   from   it  only  in  the 
■  ^'^^Mi'  greater  extent  to  which  the  pulmonary  cavity  ia 

Bo  t'f  F«oo.  subdivided,  and  the  surface  of  the  respiratory 
bfitiiauruaiinr-  membrane  increased.  The  respiratory  apparatus 
B  {Vig,    70)   commences   with    the    larynx,  which 

Bmunicates  with  the  pharynx  at  the  upper  part  of  the  neck, 
en  follows  the  trachea,  a  membranous  tube  with  cartilaginous 
gs  ;  which,  upon  its  entrance  into  the  chest,  divides  into  the  right 
i  left  bronchus.     The.se  again  divide  successively  into  secondary 

1  tertiary  bronchi;  the  subdivision  continuing,  while  the  bron- 
»1  tubes  grow  smaller  and  more  numerous,  and  separate  con- 
ntly  from  each  other.  As  they  diminish  in  .size,  the  tubes  grow 
re  delicate  in  structure,  and  the  cartilagint)ns  rings  and  plates 
^pear  from  their  walls.  They  are  finally  reduced,  according  to 
ilUker,  to  the  size  of  j'y  of  an  inch  in  diameter;  and  are  com- 
ted  only  of  a  thin  mucous  membrune,  lined  witli  pavement  epi- 
lium,  which  rests  upon  an  elastic  fibrous  layer.  They  are  then 
awn  as  the  "  ultimate  bronchial  tubes." 

Bp^h  ultimate  bronchial  tube  terminates  in  a  division  or  islet  of 
■>ulinonary  tissue,  about  V?  of  an  inch  in  diameter,  which  is 
med  a  "  pulmonary  lobule."  Each  pulmonary  lobule  resembles 
structure  the  entire  frog's  lung  in  miniature.     It  consists  of  a 
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vascular  membrane  inclosiog  a  cavity;  which  cavity  is  divid 
into  a  large  number  of  secondarv  compartments  by  thin  septa 
partitions,  which  project  from  its  internal  surface.  (Fig.  71.) 
secondary  cavities  are  tbe  "pulmonary 
cells,"  or  "  vesicles."     Each  vesicle  is  about  ^'^'  '^' 

f\  of  an  inch  in  diameter;  and  is  covered 
on  its  exterior  with  a  close  network  of  ca- 
pillary bloodves.sels,  which  dip  down  into 
the  spaces  between  tli  e  adjacent  vesicles,  and 
expose  in  this  way  a  double  surface  to  the 
air  which  is  contained  in  their  cavities. 
Between  the  vesicles,  and  in  the  interstices 
between  the  lobules,  there  is  a  large  quan- 
tity of  yellow  elastic  tissue,  which  givea 
firmness  and  resiliency  to  the  pulmonary 
structure.  The  pulmonary  vesicles,  accord- 
ing  to  the  observations  of  Kolliker.  are  J^'C::„''^rv\LZ.l: 
lined  everywhere  with  a  layer  of  pjivernent     «»>uiiiib»    b.  c*TUy  «*  tot 

....  ."',,.  ,  e  r,e.  I'lilmnotrr  erllt,  or  t« 

epithelium,  continuous   with    that   \u   the    ,!••. 


BESPIBATOBY  MOVEMENTS  OF  THE  CHEST.  229 

to  bronoMal  tubes.  The  whole  extent  of  respiratory  sur- 
I  both  lungs  has  been  caloulated  by  Lieberkiihn*  at  fourteen 
ed  square  feet.  It  is  plainly  impossible  to  make  a  precisely 
kte  calculation  of  this  extent;  but  there  is  every  reason  to 
B  that  the  estimate  adopted  by  Lieberkiihn,  regarded  as 
cimative,  is  not  by  any  means  an  exaggerated  one.  The 
multiplication  of  the  minute  pulmonary  vesicles,  and  of  the 
ona  between  them,  must  evidently  increase  to  an  extraor- 
'  degree  the  extent  of  surface  over  which  the  blood,  spread 
.  a  thin  layer,  is  exposed  to  the  action  of  the  air.  T^iese 
aical  conditions  are,  therefore,  the  most  favorable  lor  its  rapid 
tmplete  arterialization. 

ipiBATOBY  Movements  of  the  Chest.— The  air  which  is  con- 
in  the  pulmonary  lobules  and  vesiclesbecomes  rapidly  vitiated 
process  of  respiration,  and  requires  therefore  to  be  expelled 
jplaoed  by  a  fresh  supply.  This  exchange  or  renovation  of 
'  is  effected  by  alternate  movements  of  the  chest,  of  expansion 
»Ilapse,  which  are  termed  the  "  respiratory  movements  of  the 
'  The  expansion  of  the  chest  is  effected  by  two  sets  of  mus- 
iz.,  first,  the  diaphragm,  and,  second,  the  intercostals.  While 
^hragm  is  in  a  state  of  relaxation,  it  has  the  form  of  a  vaulted 
on  between  the  thorax  and  abdomen,  the  edges  of  which  are 
ad  to  the  inferior  extremity  of  the  sternum,  the  inferior 
cartilages,  the  borders  of  the  lower  ribs  and  the  bodies  of 
mbar  vertebra,  while  its  convexity  rises  high  into  the  cavity 
chest,  as  far  as  the  level  of  the  fiflh  rib.  When  the  fibres 
)  diaphragm  contract,  their  curvature  is  necessarily  dimi- 
.;  and  they  approximate  a  straight  line,  exactly  in  proportion 
extent  of  their  contraction.  Consequently,  the  entire  con- 
'  of  the  diaphragm  is  diminished  in  the  same  proportion, 
.  descends  toward  the  abdomen,  enlarging  the  cavity  of  the 
rom  above  downward.  (Fig.  72.)  At  the  same  time  the  inter- 
muscles  enlarge  it  in  a  lateral  direction.  For  the  ribs,  arti- 
1  behind  with  the  bodies  of  the  vertebrae,  and  joined  in  front 
sternum  by  the  flexible  and  elastic  costal  cartilages,  are  so 
;ed  that,  in  a  position  of  rest,  their  convexities  look  obliquely 
rd  and  downward.  When  the  movement  of  inspiration  is 
to  commraice,  the  first  rib  is  fixed  by  the  contraction  eif  the 

'  In  Simon's  Chemistry  of  Man,  Philada  «d.,  1843,  p.  109. 
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Fig.  72. 


scaleni  muscles,  and  the  intercostal  muscles  then  contracting 

taneously,  the  ribs  are  drawn  upward.     In  this  movemeut.  as  eacoi 

rib  rotates  upon  its  articulation  with  the 

spinal  column  at  one  extremity,  and  '.vith 

the  sternum  at  the  other,  its  convexity  is 

necessarily  carried   outward    at  the  same 

time  that  it  is  drawn  upwanl,  and  the  pa- 

rietcs  of  the  chest  are,  therefore,  expanded 

laterally.    Tlie  sternum  itself  rises  slightly 

with  the  same  movement,  and  enlarges  to 

some  extent  the  antero-posterior  diameter 

of  the  thorax.    By  the  simultaneous  action, 

therefore,  of  the  diaphragm  which  descends, 

antl  of  the  intercostal  muscles  which  lift 

the  ribs  and  the  sternum,  the  cavity  of  the 

chest  is  espande<l  in  every  direction,  and 

the  air  passes  inward,  through  the  trachea 

and  bronchial  tubes,  by  the  simple  force  of 

aspiration. 

After  the  movement  of  inspiration  is  ac- 
complished, and  the  lungs  are  filled  with 
air,  the  diaphragm  and  intercostal  muscles 
relax,  and  a  movement  of  expiration  takes 
place,  by  which  the  chest  is  partially  col- 
lapsed, and  a  portion  of  the  air  contained 
in  the  pulmonary  cavity  expelled.  The 
movement  of  expiration  is  entirely  a  passive 
one,  and  is  accomplished  by  the  action  of 
th ree  d  i ffe re n t  forces.  Fi rst,  the  afxl( >m i nal 
organ.s,  which  have  been  pushed  out  of  their 
usual  position  by  the  descent  of  the  diaphragm,  fall  backward  h 
their  own  weight  and  carry  upward  the  relaxed  diaphragm  befoi 
them.  Secondly,  the  costal  cartilages,  which  are  slightly  t«ri8t0 
out  of  shape  when  the  ribs  are  drawn  upward,  resume  their  natun 
position  as  soon  as  the  muscles  are  rela.xe<l.  and,  drawing  the  rill 
down  again,  compress  the  sides  of  the  chest.  Thirdly,  the  pa 
monary  ti.ssue,  as  we  have  already  remarked,  is  abundantly  snp 
plied  with  yellow  elastic  fibres,  which  retract  by  virtue  of  tbei 
own  elasticity,  in  every  part  of  the  lungs,  after  they  have  beei 
forcibly  distended,  an<l,  compressing  the  pulmonary  vesicles,  drivi 
out  a  portion  of  the  air  which  they  contained.    By  the  constaa 
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rrence  of  these  alternating  movements  of  iDspiration  and  expi- 
p,  fresh  portions  of  air  are  constantly  introduced  into  and 
jlled  from  the  chest. 

he  average  quantity  of  atmospheric  air,  taken  into  and  dis- 
^gal  from  the  lungs  with  each  respiratory  movement,  is,  ac- 
ing  to  the  results  of  various  observers,  twenty  cubic  inches.  At 
jteen  respirations  per  minute,  taken  as  the  mean  between  the 
ing  and  waking  hours,  this  amounts  to  '660  cubic  inches 
inspired  per  minute,  21,600  cubic  inches  per  hour,  and  518,400 
inches  per  day.  But  as  the  movements  of  respiration  are 
both  in  extent  and  rapidity  by  every  muscular  exertion, 
tire  quantity  of  air  daily  used  in  respiration  is  not  less  than 
cubic  inches,  or  350  cubic  feet. 

fB  whole  of  the  air  iu  the  chest,  however,  is  not  changed  at  each 
ment  of  respiration.     On  the  contrary,  a  very  considerable 
|tity  remains  in  the  pulmonary  cavity  after  the  most  complete 

tion  ;  and  even  after  the  lungs  have  been  removed  from  the 

they  still  contain  a  large  quantity  of  air  which  cannot  be 
ly  displaced  by  any  violence  short  of  disintegrating  and  dis- 

zing  the  pulmonary  tissue.  It  is  evident,  therefore,  that  only 
faparatively  small  portion  of  the  air  in  the  lungs  passes  in  and 
rith  each  respiratory  movement;  and  it  will  require  several 
ssive  respirations  before  all  the  air  iu  t!ie  chest  can  be  entirely 
jed.  It  has  not  been  possible  to  ascertain  with  certainty  the 
i  proportion  in  volume  which  exists  between  the  air  which  is 
[lately  inspired  and  expired,  or  "tidal"  air,  and  that  which 
ins  constantly  in  the  chest,  or  "  residual''  air,  as  it  is  called. 
B  been  estimated,  however,  by  Dr.  Carpenter,'  from  the  reports 
trious  observers,  that  the  volume  of  inspired  and  expired  air 
la  from  10  to  ly  per  cent  of  the  entire  quantity  contained  in 
ihest.  If  this  estimate  be  correct,  it  will  require  from  eight  to 
respirations  to  change  the  whole  quantity  of  air  in  the  cavity 
ic  chest. 

is  evident,  however,  from  the  foregoing,  that  the  inspiratory 
expiratory  movements  of  the  chest  cannot  be  sufficient  to 

e  the  air  at  all  in  the  pulmonary  lobules  and  vesicles.     The 
is  drawn  in  with  each  inspiration  penetrates  only  into 

chea  and  bronchial  tubes,  until  it  occupies  the  place  of  that 
was  driven  out  by  the  last  expiration.     By  the  ordinary 
atory  movements,  therefore,  only  that  small  portion  of  the 
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air  lying  nearest  the  exterior,  in  the  trachea  and  large  bronchi, 
would  fluctuate  backward  and  forward,  without  ever  penetrating 
into  the  deeper  parts  of  the  lung,  were  there  no  other  nieanti  pro- 
vided for  its  reuovation.  There  are,  however,  two  c»ther  forces  in 
play  for  this  purpose.  The  first  of  these  is  the  diffusive  power  of 
the  gases  theniselves.  The  air  remaining  in  the  deeper  parts  of 
the  chest  is  ricljcr  in  carbonic  acid  and  pcMjrer  in  oxygen  than  that 
which  has  been  recently  inspired;  and  by  the  laws  of  gaseous  dif- 
fusion there  must  be  a  constant  interchange  of  these  gases  between 
the  pulmonary  vesicles  and  the  trachea,  tending  to  mix  tbem 
equally  in  all  parts  of  the  lung.  This  mutual  difl'usion  and  inter- 
mixture of  the  gases  will  therefore  tend  to  renovate,  partially  at 
least,  the  air  in  the  pulmonary  lobules  and  vesicles.  Secondly,  the 
trachea  and  bronchial  tubes,  down  to  those  even  of  the  smallest  _ 
size,  are  lined  with  a  mncous  membrane  which  is  covered  with  I 
ciliated  epithelium.  The  movement  of  those  cilia  is  found  to  be 
directed  always  from  below  upward ;  and,  like  ciliary  motion 
wherever  it  occurs,  it  has  the  eftect  of  producing  a  current  in  tl  o 
same  direction,  in  the  fluids  covering  the  mucous  membrane.  The 
air  in  tho  tubes  must  partici- 
pate, to  a  certain  extent,  in  Fi«-  7a, 
this  current,  and  a  double 
stream  of  air  therefore  is  estab- 
lished in  each  bronchial  tube; 
one  current  passing  from  with- 
in outward  along  tho  walls  of 
the  tube,  and  a  return  current 
passing  from  without  inward, 
along  the  central  part  of  its 
cavity,      (Fig.    73.)      By  this 

means  a  kind  of  aerial  circulation  is  constantly  maintained  in  the 
interior  of  the  bronchial  tubes;  which,  combined  with  the  mutual 
diffusion  of  the  gases  and  the  alternate  exjiansiou  and  collapse  of 
the  chest,  effectually  accomplishes  the  renovation  of  the  air  contained 
in  all  parts  of  the  pulmonary  cavity. 


Shall  BiinitCB  i  *  i,  Ti- ■  i,  t)i -.^  .u^  ..t.mt^d 
ftod  inwM'd  enrrCBl,  prodootd  b;  eUliU7  BonoA 


Respiratory  Movements  or  the  Glottis. — Beside  the  move- 
ments of  expansion  and  collapse  already  described,  belonging  to 
the  chest,  there  are  similar  respiratory  movements  which  take  place 
in  the  larynx.  If  the  respiratory  passages  be  examined  after  death. 
in  the  state  of  collapse  in  which  they  are  usually  found,  it  will  ha 
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noticed  that  the  opening  of  the  glottis  is  very  much  smaller 'than 
the  cavity  of  the  trachea  below.  The  glottis  itself  presents  the 
appearance  of  a  narrow  chink,  while  the  passage  for  the  inspired 
air  widens  in  the  lower  part  of  the  larynx,  and  in  the  trachea 
constitutes  a  spacious  tube,  nearly  cylindrical  in  shape,  and  over 
half  an  inch  in  diameter.  We  have  found,  for  instance,  that  in 
the  hnixian  subject  the  space  included  between  the  vocal  chords 
has  an  area  of  only  0.15'  to  0.17  square  inch ;  while  the  calibre 
of  the  trachea  in  the  middle  of  its  length  is  0.45  square  inch. 
This  disproportion,  however,  Which  is  so  evident  after  death,  does 
not  exist  during  life.  While  respiration  is  going  on,  there  is  a 
constant  and  regular  movement  of  the  vocal  chords,  synchronous 
with  the  inspiratory  and  expiratory  movemehts  of  the  chest,  by 
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which  the  size  of  the  glottis  is  alternately  enlarged  and  diminished. 
At  every  inspiration,  the  glottis  opens  and  allows  the  air  to  pass 
freely  into  the  trachea ;  at  every  expiration  it  collapses,  and  the 
air  is  driven  out  through  it  from  below.  These  movements  are 
called  the  "  respiratory  movements  of  the  glottis."  They  correspond 
in  every  respect  with  those  of  the  chest,  and  are  excited  or  retarded 
by  similar  causes.  Whenever  the  general  movements  of  respiration 
are  hurried  and  labored,  those  of  the  glottis  become  accelerated  and 
increased  in  intensity  at  the  same  time ;  and  when  the  movements 
of  the  chest  are  slower  or  fainter  than  usual,  owing  to  debility, 
coma,  or  the  like,  those  of  the  glottis  are  diminished  in  the  same 
proportion. 
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Fig.  78. 


In  tlie  Tespiratory  motiong  of  the  glottis,  as  in  those  of  the  cheA 
the  movement  of  ins|)irjition  i:<  an  active  oue,  and  that  of  cx^ira 
tion  passive.  la  inspiration,  the  glottis 
is  opened  by  contraction  of  the  posterior 
crico-arytenoid  muscles,  (Fig-  76.) 
These  muscles  originate  from  the  pos- 
terior surface  of  the  cricoid  cartilage, 
near  the  median  line;  and  their  fibres, 
running  upward  and  outward,  are  in- 
serted into  the  external  angle  of  the 
arytenoid  cartilages.  By  the  contrac- 
tion of  these  muscles,  during  the  move- 
ment of  inspiration,  the  arytenoid  car- 
tilages are  rotated  upnn  their  articula- 
tions with  the  cricoid,  so  that  their 
anterior  extremities  are  carried  outward, 
and  the  vocal  chords  stretched  and  sepa- 
rate from  each  other.  (Fig.  75.)  In  this 
wa}',  the  size  of  the  glottis  may  be  in- 
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creased  from  O.lo  to  0.27  square  mch.  .rytoDoia  muieiw.  /.  rncbm. 

In   expiration,   the   posterior    crico- 
arytenoid muscles  are  relaxed,  and  the  elasticity  of  the  vocal  cbc 
brings  them  back  to  their  former  position. 

The  motions  of  respiration  consist,  therefore,  of  two  sets  of  mc^"  ^^ 
ments :  viz.,  those  of  the  chest  and  those  of  the  glottis.     These  m«^  "^^ 
ments,  in  the  natural  condition,  correspond  with  each  other  bott*   '" 
time  and  intensity.     It  is  at  the  same  time  and  by  the  same  nerv*^"* 
influence,  that  the  chest  expands  to  inhale  the  air,  while  the  glo^f* 
opens  to  admit  it;  and  in  expiration,  the  muscles  of  both  chest  £»Ba 
glottis  are  relaxed ;  while  the  elasticity  of  the  tissues,  by  a  kind   o^ 
passive  contraction,  restores  the  parts  to  their  original  condition. 

Changes  in  the  Air  during  Respiration. — The  atmospheri< 
air,  as  it  is  drawn  into  the  cavity  of  the  lungs,  is  a  mixture  of  oxV"" 
gen  and  nitrogen,  in  the  proportion  of  about  21  per  cent.,  by  volumes 
of  oxygen,  to  79  per  cent,  of  nitrogen.  It  also  contains  about  one 
twentieth  per  cent,  of  carbonic  acid,  a  varying  quantity  of  watery 
vapor,  and  some  traces  of  ammonia.  The  last  named  ingredients-—** 
however,  are  quite  insignificant  in  comparison  with  the  oxygen  and  ^ 
nitrogen,  which  form  the  principal  parts  of  its  mass. 

If  collected  and  examined,  after  passing  tbroagb  the  lungs,  th« 
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.ir  18  found  to  have  become  altered  in  the  following  essential  par- 
iculars,  viz: — 

1st.  It  has  lost  oxygen. 

2d.  It  has  gained  carbonic  acid.    And 

8d.  It  has  absorbed  the  vapor  of  water. 

Beside  the  two  latter  substances,  there  are  also  exhaled  with  the 
ixpired  air  a  very  small  quantity  of  nitrogen,  over  and  above  what 
ras  taken  in  with  inspiration,  and  a  little  animal  matter  in  a 
(aseoos  form,  which  communicates  a  slight  but  peculiar  odor  to 
he  breath.  The  air  is  also  somewhat  elevated  in  temperature,  by 
sontact  with  the  pulmonary  mucous  membrane. 

The  watery  vapor,  which  is  exhaled  with  the  breath,  is  given  off 
>y  the  pulmonary  mucous  membrane,  by  which  it  is  absorbed  from 
he  blood.  At  ordinary  temperatures  it  is  transparent  and  invisi- 
)le ;  but  in  cold  weather  it  becomes  partly  condensed,  on  leaving 
he  lungs,  and  appears  under  the  form  of  a  cloudy  vapor  discharged 
rith  the  breath.  According  to  the  researches  of  Valentin,  the 
iverage  quantity  of  water,  exhaled  daily  from  the  lungs,  is  8100 
^ins,  or  about  1|  pounds  avoirdupois. 

A  more  important  change,  however,  suffered  by  the  air  in  respi- 
sfcion,  consists  in  its  loss  of  oxygen,  and  its  absorption  of  carbonic 
ad. 

According  to  the  researches  of  Valentin,  Vierordt,  Regnault  and 
teisety  &C.,  the  air  loses  during  respiration,  on  an  average,  five  per 
ttaU  of  its  volume  of  oxygen.  At  each  inspiration,  therefore, 
boat  one  cubic  inch  of  oxygen  is  removed  from  the  air  and  ab* 
>rbed  by  the  blood ;  and  as  we  have  seen  that  the  entire  daily 
aantity  of  air  used  in  respiration  is  about  350  cubic  feet,  the  entire 
oantity  of  oxygen  thus  consumed  in  twenty-four  hours  is  not  less 
lan  seventeen  and  a  half  cubic  feet.  This  is,  by  weight,  10,889 
rains,  or  rather  less  than  one  pound  and  a  half,  avoirdupois. 

The  oxygen  which  thus  disappears  from  the  inspired  air  is  not 
lUrely  replaced  in  the  carbonic  acid  exhaled ;  that  is,  there  is  less 
cygen  in  the  carbonic  acid  which  is  returned  to  the  air  by  expira- 
on  than  has  been  lost  during  inspiration. 

There  is  even  more  oxygen  absorbed  than  is  given  off  again  in 
3tb  the  carbonic  acid  and  aqueous  vapor  together,  which  are 
(baled  from  the  lungs.*  There  is,  then,  a  constant  disappearance 
r  oxygen  from  the  air  used  in  respiration,  and  a  constant  accumu- 
ition  of  carbonic  acid. 

>  Lchnunn'a  Physiological  Chemistry-,  Philads.  ed.,  toI.  ii.  p.  432. 
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The  proportion  of  oxygen  wliich  disappears  in  the  interior  of  ihe 
body,  over  and  above  that  wbich  is  returned  in  the  brontli  under 
the  form  of  carbonic  acid,  varies  in  different  kinds  of  animalB.  In 
the  herbivora,  it  is  about  10  per  cent,  of  the  whole  amount  of  oxy- 
gen inspired  •  in  the  carnivora,  20  or  25  per  cent,  and  even  more. 
It  is  a  very  remarkable  fact,  also,  and  an  important  one,  ta  regards 
tlie  theory  of  respiration,  that,  in  the  same  animal,  the  proportion  of 
oxygen  ab.'iorbcd,  to  that  of  carbonic  acid  exhaled,  varies  according 
to  the  quality  of  the  food.  In  dogs,  for  instance,  while  fed  on  ani- 
mal food,  according  to  the  experiments  of  Regnault  and  Reiset,  25 
per  cent,  of  the  inspired  oxygen  disa]ipeared  in  the  body  of  the 
animal ;  but  when  led  on  starchy  substances,  all  but  8  per  ceoU 
reappeared  in  the  expired  carbonic  acid.  It  is  already  evidenl, 
therefore,  from  these  facts,  that  the  oxygen  of  the  inspired  air  ifl 
not  altogether  emploj'ed  in  the  formation  of  carbonic  acid. 

Owing  to  the  changes  detailed  above,  the  air  which  is  used  fm 
breathing  becomes  rapidly  deteriorated  and  unfit  to  sustain  life. 
For  as  respiratiun  goes  on,  the  oxygen  of  the  air  constantly  dimin- 
ishes and  the  quantity  of  carbonic  acid  iucreases.  It  has  been  found 
that,  as  a  general  rule,  the  air  is  entirely  unfit  for  respiration  wbeo 
its  proportion  of  oxygen  is  reduced  from  21  to  10  per  cent.,'  it* 
composition  remaining  otherwise  unchanged;  and  on  the  olhei 
hand  it  can  no  longer  sustain  life  when  it  contains  20  per  ceut.  oi 
carbonic  acid.  Both  these  changes  therefore  combine  to  viliaU'i5>e 
respired  air,  unless  it  be  constantly  renewed  from  an  external  source. 

Beside  the  carbonic  acid,  however,  a 'certain  amount  of  orgaiM 
mailer  is  also  exhaled  with  the  breath.  It  is  this  organic  matter  in 
a  vaporous  coodition  which  causes  the  heavy  and  oppressive  odor 
in  the  atmosphere  of  an  ill-ventilated  apartment,  in  which  luftOJ 
persons  are  breathing  at  the  same  time.  Although  produced  i" 
comparatively  small  quantity,  it  is  probably  one  of  the  most  deleVs- 
rious  substances  exhaled  from  the  lungs  in  respiration;  and,  wl.'»i* 
allowed  to  accumulate  in  the  atmosphere,  gives  rise  to  many  of  il»* 
injurious  effects  resulting  from  imperfect  ventilation. 

Changes  m  the  Blood  during  Re.spiration. — If  we  pass  froio 
the  consideration  of  the  changes  produced  in  the  air  by  respiration 
to  those  which  take  place  in  the  blood  during  the  same  process,  »'* 
find,  as  might  have  been  expected,  that  the  latter  corresjion^ 
inversely  with  the  former.  The  blood,  in  passing  through  iho 
lungs,  suffers  the  following  alterations: — 

1st,  Its  color  is  changed  from  venous  to  arterL'iL 

I  Longet,  Triit<  d«  Phjaiologiu,  ParU,  1869,  ?ol  L  p.  600. 
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2d.  It  absorbs  oxygen.    And 

Sd.  It  exhales  carbonic  acid  and  the  vapor  of  water. 

The  interchange  of  gases,  which  takes  place  during  respiration 
etween  the  air  and  the  blood,  is  a  simple  phenomenon  of  absorp' 
on  and  exhalation.  The  inspired  oxygen  does  not,  as  Lavoisier 
Dce  supposed,  immediately  combine  with  carbon  in  the  lungs,  and 
Bturn  to  the  atmosphere  under  the  form  of  carbonic  hcid.  On  the 
ratrary,  almost  the  first  fact  of  importance  which  has  been  estab- 
Ahed  by  the  examination  of  the  blood  in  this  respect  is  the  fol- 
>wing,  viz :  that  carbonic  acid  exists  ready  formed  in  the  venotcs  blood 
t/ore  its  entrance  into  the  lungs ;  and,  on  the  other  hand,  that  the 
tygen  which  is  absorbed  during  respiration  passes  off  in  a  free  state 
lith  the  arterial  blood.  The  real  process,  as  it  takes  place  in  the 
ing,  is,  therefore,  for  the  most  part,  as  follows :  The  blood  comes  to 
iie  lungs  already  charged  with  carbonic  acid.  In  passing  through 
be  pulmonary  capillaries,  it  is  exposed  to  the  influence  of  the  air 
1  the  cavity  of  the  pulmonary  cells,  and  a  transudation  of  gases 
ikes  place  through  the  moist  animal  membranes  of  the  lung, 
ince  the  blood  in  the  capillaries  contains  a  larger  proportion  of 
tirbonio  acid  than  the  air  in  the  air-vesicles,  a  portion  of  this  gas 
saves  the  blood  and  passes  out  through  the  pulmonary  membrane; 
'hile  the  oxygen,  being  more  abundant  in  the  air  of  the  vesicles 
uui  in  the  circulating  fluid,  passes  inward  at  the  same  time,  and  is 
>ndenaed  by  the  blood. 

In  this  double  phenomenon  of  exhalation  and  absorption,  which 
kea  place  in  the  lungs,  both  parts  of  the  process  are  equally 
xiessary  to  life.  It  is  essential  for  the  constant  activity  and  nutri- 
3n  of  the  tissues  that  they  be  steadily  supplied  with  oxygen  by  the 
ood ;  and  if  this  supply  be  cut  off,  their  functional  activity  ceases. 
D  the  other  hand,  the  carbonic  acid  which  is  produced  in  the  body 
f  the  processes  of  nutrition  becomes  a  poisonous  substance,  if  it 
5  allowed  to  collect  in  large  quantity.  Under  ordinary  ciroum- 
ances,  the  carbonic  acid  is  removed  by  exhalation  through  the 
iDgs  as  fast  as  it  is  produced  in  the  interior  of  the  body;  but  if 
ispiration  be  suspended,  or  seriously  impeded,  since  the  production 
'  carbonic  acid  continues,  while  its  elimination  is  prevented,  it 
scnmnlates  in  the  blood  and  in  the  tissues,  and  becomes  fatal  by  s 
ipid  deterioration  of  the  circulating  fluid,  and  by  its  poisonous 
foot  on  the  nervous  system. 

Examination  of  the  bl(X)d  shows  furthermore  that  the  interchange 
f  jrases  in  the  lungs  is  not  complete  but  partial  in  its  extent.  It 
asolts  from  the  experiments  of  Magendie,  Magnus,  Bernard,  an.l 
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Others,  that  both  oxygen  and  carbonic  acid  are  contained 
venous  and  arterial  blood.  Their  proportions,  however,  are  dif- 
ferent, since  there  is  more  oxygen  in  arterial  than  in  venous  blood, 
and  more  carbonic  acid  in  venous  blood  than  in  arterial.  Bernard 
found  in  a  healthy  dog'  rather  mure  than  18  per  cent,  by  VLtlumo 
of  oxygen  in  arterial,  and  only  a  little  more  than  8  per  ceut,  in 
venous  blood.  He  also  found,  in  various  analyses,'  from  7  to  10 
per  cent,  of  carbonic  acid  in  venous  blood,  while  in  arterial  blood 
this  gas  was  reduced  to  3  per  cent,  or  even  a  still  smaller  propor- 
tion. The  venous  blood,  then,  aa  it  arrives  at  the  lungs,  still  re- 
tains a  remnant  of  the  oxygen  which  it  had  previously  ab*>rbed; 
and  in  passing  through  the  pulmonary  capillaries  it  gives  oiToalj 
a  part  of  the  carbonic  acid,  with  which  it  has  become  charged  in 
the  general  circulation. 

The  oxygen  and  carbonic  acid  of  the  blood  exist  in  a  glate  of 
sohUion  in  the  circulating  fluid,  and  not  in  a  state  of  intimate  chemi- 
cal combination.    TIiIh  is  shown  by  the  fact   that  both  ol'  thc?<5 
substances  may  be  withdrawn  from  the  blood  by  simple  exhaiurtio" 
with  an  air-pump,  or  by  a  stream  of  any  other  indifterent  gas,  such 
as  hydrogen,  which  po.ssesses  sufficient  physical  displacing  }io«er. 
Magnus  found'  that  freshly  drawn  arterial  blood  yielded  by  simple 
agitation  with  carl>onic  acid  more  than  10  per  cent,  of  its  voluifle 
of  oxygen.     The  carbonic  acid  may  also  be  expelled  from  venoW 
blood  by  a  current  of  pure  oxygen,  or  of  hydrogen,  or,  in  great 
measure,  by  simple  agitation  with  atmospheric  air.     There  is  soto*' 
difficulty  in  determining,  however,  whether  the  carbonic  acid  ^^ 
the  blood  be  altogether  in  a  free  state,  or  whether  it  be  partly  i»  * 
state  of  loose  chemical  combination  with  a  base,  under  the  form  ^^ 
an  alkaline  bicarbonate.     A  solution  of  bicarbonate  of  soda  itfl^^ 
will  lose  a  portion  of  its  carbonic  acid,  and  become  reduced  to  ^'^ 
condition  of  a  carbonate  by  simple  exhaustion  under  the  air-purt»P 
or  by  agitation  with  pure  hydrogen  at  the  temperature  of  the  ho^S 
Lehmann  has  found*  that  after  the  expulsion  of  all  the  carbo<»* 
acid  removable  by  the  air-pump  and  a  current  of  hydrogen,  ih^*" 
still  remnin.s,  in  ox's  blood,  0.1 028  per  cent,  of  carbonate  of  60<»^ 
and  he  estimates  that  this  quantity  is  sufficient  to  have  retained  ^' 
the  carbonic  acid,  previously  given  ofj'.  in  the  form  of  a  bicarbonfl** 

1  LiquiJrs  de  \'nTgBtit9niE,  Tal.  i.  p.  367  et  »tq. 
'In  Robin,  Le^^onn  mr  Ips  lliimenrii,  p.  C7. 
•In  Robin  «n>1  Vpnlf  il.  op.  oil.,  vol.  ii    p.  84. 
«0p.  cjt.,  ToL  i.  p.  3U3. 
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[t  makes  little  or  no  difference,  however,  ao  far  as  regards  tlie  pro- 
less  of  respiration,  whether  the  carbonic  acid  uf  the  bloml  exist  in 
m  entirely  free  state,  or  under  the  form  of  an  alkaline  bicarbonate; 
since  it  may  be  readily  removed  from  this  combination,  at  the  tem- 
perature of  the  body,  by  contact  with  an  indifferent  gas. 

The  oxygen  of  the  blood  is  in  solution  principally  in  the  blood- 
ghhules,  and  not  in  the  plasma.  The  researches  of  Magnus  have 
shown'  that  the  bhiod  holds  in  solution  2J  times  as  much  oxygen 
as  pure  water  could  dissolve  at  the  same  temperature;  and  that 
while  the  serum  of  the  blood,  separated  from  the  globules,  exerts 
no  more  solvent  power  on  oxygen  than  pure  water,  defibrinated 
blood,  that  is,  the  serum  and  globules  mixed,  dissolves  quite  as 
much  oxygen  as  the  fresh  blood  itself.  The  carbonic  acid,  on  the 
other  hand,  is  held  in  solution,  not  only  in  the  blood-globules,  but 
also  by  the  plasma;  for,  the  plasma,  according  to  Robin,'  owing 
to  the  presence  of  its  alkaline  phosphates  and  carbonates,  has  the 
power  of  dissolving  no  less  than  48  per  cent,  of  its  volume  of  car- 
bonic acid,  a  quantity  much  greater  than  is  ever  actually  found 
in  the  blood. 

Both  the  oxygen  and  carbonic  acid,  therefore,  are  present  in 
lolutioa  in  the  blood-globules;  and  since  the  color  of  the  blood 
lepends  entirely  upon  that  of  the  globules,  it  is  easy  to  understand 
irhy  this  color  should  be  altered  from  purple  to  scarlet  in  passing 
brough  the  lungs,  where  the  globules  give  up  carbonic  acid,  and 
bsorb  a  fresh  quantity  of  o.xygen.  The  above  change  may  read- 
ly  be  produced  outside  the  body.  If  freshly  drawn  venous  blood 
Hphaken  in  a  bottle  with  pure  oxygen,  its  color  changes  at  once 
^m  purple  to  red  ;  and  the  same  change  will  take  place,  though 
aore  slowly,  if  the  blood  be  simply  agitated  with  atmospheric  air. 
t  is  for  this  reason  that  the  surface  of  defibrinated  venous  blood, 
.nd  the  external  parts  of  a  dark-colored  clot,  exposed  to  the  at- 
aosphere,  become  rapidly  reddened,  while  the  internal  portions 
etaiu  their  original  color. 

The  process  of  respiration,  so  far  as  wo  have  considered  it,  con- 
jista  in  an  alternate  interchange  of  carbonic  acid  and  o.xygen  in  the 
blood  of  the  general  and  pulmonary  circulations.  In  the  pulmonary 
circulation,  carbonic  acid  is  given  off  and  oxygen  absorbed ;  while 

i^lbe  general  circulation  the  oxygen  gradually  disappears,  and  is 

>  In  Robin  nnd  Verdeil,  op.  cit.,  vol.  il.  p.  2& 
*Li'9on8  sur  U-s  Humcurs,  p.  67. 
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replaced,  in  the  venous  bKx>d,  by  carbonic  ackl.  The  oxygen  which 
tbu.s.(Jirf;t[)pL'ara  from  the  blood  in  the  general  circulation  does  not, 
for  the  most  part,  enter  into  direct  combination  in  the  blood  itself. 
On  tJie  Contrary,  it  exists  there,  as  we  have  already  stated,  in  the 
form  of  a  simple  solution.  It  is  absorbed,  however,  from  the  blood 
of  the  capillary  vessels,  and  becomes  fixed  in  the  substance  of  the 
vascular  tissues.  The  blood  may  be  regarded,  therefore,  in  this 
resfjeet,  as  a  circulating  fluid,  destined  to  transport  oxygen  from  the 
lungs  to  the  tissues ;  for  it  is  the  tissues  themselves  which  £110117 
appropriate  the  oxygen,  and  fix  it  in  their  substance. 

The  next  important  question  which  presents  itj<elf  in  the  stndy 
of  the  respiratory  process  relates  to  the  origin  of  the  carbonic  acid  "> 
the  venous  hhod.  It  was  formerly  supposed,  when  Lavoisier  firrt 
di&covered  the  changes  produced  in  thaair  by  respiration,  tbaltl"? 
production  of  the  carbonic  acid  could  be  accounted  for  in  ft  very 
simple  manner.  It  was  thought  to  be  produced  in  the  lungs  by  » 
direct  union  of  the  inspired  oxygen  with  the  carbon  of  the  bliwd 
in  the  pulmonary  vessels.  It  was  found  afterward,  however,  thaJ 
this  could  not  be  the  case ;  since  carbonic  acid  exists  already  fornie<l 
in  the  blood,  previously  to  its  entrance  into  the  lungs.  It  was  then 
imagined  that  the  oxidation  of  carbon,  and  the  consequent  produc- 
tion of  carbonic  acid,  took  place  iu  the  capillaries  of  the  gencr*^ 
circulation,  since  it  could  not  be  shown  to  take  place  in  the  luiig*» 
nor  between  the  lungs  and  the  capillaries.  The  truth  is,  however* 
that  no  direct  evidence  exists  of  such  a  direct  oxidation  takif^S 
place  anywhere.  The  formation  of  carbonic  acid,  as  it  is  nO^ 
undersUiod,  takes  place  in  three  different  modes :  Ist,  in  the  lung^  ' 
2d,  in  the  blood;  and  3d,  in  the  tissues. 

First,  in  the  lungs.     There  exists  in  the  pulmonary  tissue  a  pe<3*** 
liar  acid  substance,  first  described  by  Verdeil'  under  the  name  *^ 
"  pncnraic"  or  "  pulmonic"  acid.     It  is  a  crystallizable  body.  Bolal>** 
in  water,  which  is  produced  in  the  substance  of  the  pulmoaa''^ 
tissue  by  transformation  of  some  of  its  other  ingredients,  in  t^*^ 
same  manner  as  sugar  is  produced  in  the  tissue  of  the  liver.    It   ** 
on  account  of  the  presence  of  this  substance  that  the  fresh  tissue  "^« 
the  lung  has  usually  an  acid  reaction  to  test-paper,  and  that  it  bi^^J 
also  the  property,  which  has  been  noticed  by  several  observers,  ^^ 
decomposing  the  metallic  cyanides,  with  the  production  of  hydr'^ 
cyanic  acid ;  a  property  not  possessed  by  sections  of  areolar  tissue 

1  Robin  snd  Verdeil,  op.  oit.,  vol.  iL  p.  400, 


CHANGES  IN  THE   BLOOD   DURING   RESPIRATION.      241 

he  internal  surface  of  the  skin,  &c.  &c.  When  the  blood;  there- 
are,  comes  in  contact  with  the  pulmonary  tissue,  which  is 
lermeated  everywhere  by  pneumic  acid  in  a  soluble  form,  its 
Ikaline  carbonates  and  bicarbonates,  if  any  be  present,  are  decom- 
losed  with  the  production  on  the  one  hand  of  the  pneumates  of 
oda  and  potassa,  and  on  the  other  of  free  carbonic  acid,  which  is 
xhal^d.  M.  Bernard  has  found*  that  if  a  solution  of  bicarbonate 
f  soda  be  rapidly  injected  into  the  jugular  vein  of  a  rabbit,  it 
•ecomes  decomposed  in  the  lungs  with  so  rapid  a  development  of 
arbonic  acid,  that  the  gas  accumulates  in  the  pulmonary  tissue, 
nd  even  in  the  pulmonary  vessels  and  the  cavities  of  the  heart,  to 
Qch  an  extent  as  to  cause  immediate  death  by  stoppage  of  the 
irculation.  In  the  normal  condition,  however,  the  carbonates  and 
icarbonates  of  the  blood  arrive  so  slowly  at  the  lungs  that  as  fast 
I  they  are  decomposed  there,  the  carbonic  acid  is  readily  exhaled 
J  expiration,  and  produces  no  deleterious  effect  on  the  circulation. 

Secondly,  in  the  b'ood.  .  There  is  little  doubt,  although  the  fact  haa 
>t  been  directly  proved,  that  some  of  the  oxygen  definitely  dis- 
ipears,  and  some  of  the  carbonic  acid  is  also  formed,  in  the  sub- 
ince  of  the  blood-globules  during  their  circulation.  Since  these 
obules  are  anatomical  elements,  and  since  they  undoubtedly  go 
roagh  with  nutritive  processes  analogous  to  those  which  take 
aoe  in  the  elements  of  the  solid  tissues,  there  is  every  reason  for 
jlieving  that  they  also  require  oxygen  for  their  support,  and  that 
ey  produce  carbonic  acid  as  one  of  the  results  of  their  interstitial 
iconi position.  While  the  oxygen  and  carbonic  acid,  therefore, 
»ntained  in  the  globules,  are  for  the  most  part  transported  by 
lese  bodies  from  the  lungs  to  the  tissues,  and  from  the  tissues  back 
gain  to  the  lungs,  they  probably  take  part,  also,  to  a  certain  extent, 
I  the  nutrition  of  the  blood-globules  themselves. 

Thirdly,  in  the  tissiies.  This  is  by  far  the  most  important  source 
f  the  carbonic  acid  in  the  blood.  From  the  experiments  of  Spal- 
tnzani,  W.  Edwards,  Marchand  and  others,  the  following  very 
nportant  fact  has  been  established,  viz.,  that  every  organized  tissue 
nd  even  every  organic  substance,  when  in  a  recent  condition,  has  the 
ower  of  absorbing  oxygen  and  of  exhaling  carbonic  acid.  G.  Liebig, 
>r  example,'  found  that  frog's  muscles,  recently  prepared  and  com- 
letely  freed  from  blood,  continued  to  absorb  oxygen  and  discharge 

'  Archives  G^n^rsles  ue  M^Jccine,  xri.  222. 
■ta  *  Id  Lehmann,  op.  cit.,  yoI.  ii.  p.  474. 
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carbonic  acid.  Similar  experiments?  with  other  tissues  have  W 
to  a  siiniliir  result.  The  iuterchaugo  of  gases,  therefore,  in  the 
process  of  respiration,  takes  place  mostly  in  the  tissues  themgelves. 
It  is  in  their  svibstance  that  the  oxygen  becomes  fixed  and  fussimi- 
lated,  and  that  the  cjirbonic  acid  Uxkes  its  origin.  As  the  blfKxl  iu 
the  lungs  gives  up  its  carbonic  acid  to  the  nir,  and  absorbs  oxy^''^n 
from  it,  .so  in  the  general  circulation  it  gives  up  its  oxygen  to  the 
tissues,  and  absorbs  from  them  carbonic  acid. 

We  come  la.sily  to  examine  the  exact  mode  by  which  the  car- 
bonic acid  originates  in  the  animal  tissues.     Investigation  shovt 
that  even  here  it  is  not  produced  hy  a  process  of  oxidation,  or  dirxi 
union  of  oxygen  with  the  carbon  of  the  tisaur^,  but  in  some  other  andmtre 
indirect  mode.     This  is  proved  by  the  fact  that  animals  and  fresh 
animal  tissues  will  continue  to  exhale  carbonic  acid  in  an  atmo- 
spliere  of  hydrogen  or  of  nitrogen,  or  even  when  placed  in  a  vacuum. 
MarchaDd  found^  that  frogs  would  live  for  from  half  an  hour  to  an 
hour  in  pure  hydrogen  gas ;  and  that  during  this  time  they  exhaW 
even  more  carbonic  acid  than  in  atmospheric  air,  owing  probably 
to  the  superior  displacing  power  of  hydrogen  for  carbonic  aoid. 
For  while  15,500  grains'  weight  of  frogs  exhaled  about  1.13  grain 
of  carbonic  acid  per  hour  in  atmospheric  air,  they  exhaled  duriti^ 
the  same  time  in  pure  hydrogen  as  much  as  4.07  grains.     Tlie  sanic 
observer  found  that  frogs  w^ould  recover  on  the  admission  of  fi^' 
after    remaining  for    nearly  half  an    hour    in  a  nearly  comply® 
vacuum ;  and  that  if  tliey  were  killed  by  total  abstraction  of  the 
air,  15,500   grains'  weight   of  the  animals  were  found   to   htt^'* 
eliminated  9.3  grains  of  carbonic  acid.     The  exhalation  of  carbo-n*^ 
acid  by  the  tissues  does  not,  therefore,  depend  directly  ujH)n   1^**1 
access  of  free  oxygen.     It  cannot  go  on,  it  is  true,  for  an  jndcfio»^ 
time,  any  more  than  the  other  vital  processes,  without  the  present* 
of  oxygen.     But  it  may  continue  long  enough  to  show  that  t^*^ 
carbonic  ueid  exbaled  is  not  a  direct  pnxluct  of  oxidation,  but  t^^' 
it  originates,  on  the  contrary,  in  all  probability,  by  a  decorapof' 
tion  of  the  organic  ingredients  of  tlie  tissues,  resulting  in  the  p^** 
duction  of  carbonic  acid  on  the  one  hand,  and  of  various  otb' 
substances  on  the  other,  with  which  we  are  not  yet  fully  acquainfce*^ ' 
in  very  much  the  same   manner   as  the  decomposition  of  sn^r**^^ 
during  fermentation  gives  rise  to  alcohol  on  the  one  hand  and   *^  ^ 
carbonic  acid  on  the  other.     The  fermentation  of  sugar,  when  it  li** 

'  In  LehtDfinii,  op.  cit.,  vol.  ii.  p.  442. 
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once  commenced,  does  not  require  the  continued  access  of  air.  It 
will  go  on  in  an  atmosphere  of  hydrogen,  or  even  when  confined  in 
a  close  vessel  over  mercury;  since  its  carbonic  acid  is  not  produced 
by  direct  oxidation,  but  by  a  decomposition  of  the  sugar  already 
present.  For  the  same  reason,  carbonic  acid  will  continue  to  be 
exhaled  by  living  or  recently  dead  animal  tissues,  even  in  an  atmo* 
sphere  of  hydrogen,  or  in  a  vacuum. 

Carbonic  acid  makes  its  appearance,  accordingly,  in  the  tissues, 
as  one  product  of  their  decomposition  in  the  nutritive  process. 
From  them  it  is  taken  up  by  the  blood,  either  in  simple  solution  or 
in  loose  combination  as  a  bicarbonate,  transported  by  the  circulation 
to  the  lungs,  and  finally  exhaled  from  the  pulmonary  mucous  mem- 
brane in  a  gaseous  form. 

The  carbonic  acid  exhaled  from  the  lungs  should  accordingly  be 
studied  by  itself  as  one  of  the  products  of  the  animal  organism,  and 
its  quantity  ascertained  in  the  different  physiological  conditions  of 
the  body.  The  expired  air  usually  contains  about  four  per  cent,  of 
ts  volume  of  carbonic  acid.  Rather  less  than  one  cubic  inch  is 
iccordingly  given  off  with  each  ordinary  expiration ;  and  as  we 
lave  already  found  that  no  less  than  350  cubic  feet  of  air  are  in- 
laled  and  discharged  during  twenty-four  hours,  this  would  give 
burteen  cubic  feet  of  carbonic  acid  expired  per  day.  This  quan- 
dty  is,  by  weight,  11,433  grains,  or  a  little  over  one  pound  and  a 
iialf. 

The  amount  of  carbonic  acid  exhaled,  however,  varies  from 
time  to  time,  according  to  many  different  circumstances.  These 
variations  have  been  very  fully  investigated  by  Andral  and  Gavar- 
ret>'  who  found  that  the  principal  conditions  modifying  the  amount 
of  this  gas  produced  were  age,  sex,  constitution  and  development. 
The  variations  were  very  marked  in  different  individuals,  notwith- 
standing that  the  experiments  were  made  at  the  same  period  of  the 
day,  and  with  the  subject  as  nearly  as  possible  in  the  same  condi- 
tion. Thus  they  found  that  the  quantity  of  carbonic  acid  exhaled 
per  hour  in  five  different  individuals  was  as  follows : — 

Qdahtitt  or  Cabbohic  Acid  peb  hocb. 

In  sabjeot  No.  1 1207  cabic  inches. 

"        «        "    2 970      "         " 

"        «        "    3 1250      "         " 

•<        "        «    4 1250      "         « 

"        "        «    6 1591      "         " 

'  Aonalefl  deChimie  et  de  Physique,  184S.  8d  series,  vol.  r'ii.  p.  129. 
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With  regard  to  tbe  difference  produced  by  age,  it  was  foand  that 
from  the  period  of  eight  yeitra  up  to  puberty  the  quantity  of  cat- 
booic  acid  increases  constantly  with  the  age.     Thus  a  boy  of  eigbt 
years  exhales,  on  the  average,  564  cubic  inches  per  hour ;  while  » 
buy  of  fifteen  years  exhales  981  cubic  inches  in  the  same  time. 
Boys  exhale  during  this  period  more  carl>onic  acid  than  girls  of  tlio 
6ame  age.    In  males  this  augmeutation  of  the  quantity  of  carlx^nio  I 
acid  continues  till  the  twenty-fifth  or  thirtieth  year,  when  it  react*' 
on  the  average,  1398  cubic  inches  per  hour.     Its  quantity  tb:».eil 
rcmain.s  stationary  for  ten  or  fifteen  years  ;  then  diminishes  sligb  "*ll 
from  the  fortieth  to  the  sixtieth  year ;  and  after  sixty  years  dii 
niahes  in  a  marked  degree,  so  that  it  may  fall  so  low  as  1038  cu"fci 
inches.     In  one  superannuated  person,  102  years  of  age,  Aad- 
and  Gavarret  found  the  hourly  quantity  of  carbonic  acid  to 
only  (365  cubic  inches. 

In  women,  the  increa.se  of  carbonic  acid  ceases  at  the  periods 
puberty;  and  its  production  then  remaios  constant  until  the  c€ 
tion  of  men.struation,  about  the  fortieth  or  forty-fifth  year.  At  t  'Muxt 
time  it  increases  again  uvitil  after  Iifty  years,  when  it  sub8€xjuet»-  ''y 
diminLsliea  with  the  approuch  of  old  age,  as  iu  men.  Pregnju*  -*'>'. 
occurriug  at  any  time  in  the  above  period,  immediately  prod\u;^^  • 
temporary  increase  in  the  quantity  of  carbonic  acid. 

The  stieiigtli  of  the  constitution,  and  more  particularly  the 
bj/mt/d  of  the  m-nscular  systnn,  was  found  to  have  a  very  great     3"' 
fluence  iu  this  respect ;    increasing  the  quantity  of  carbonic  ac;'**] 
very  much  iu  proportion  to  the  weight  of  the  individual.     X*"* 
largest  production  of  carbouic  acid  observed  was  in  a  young  n«i** 
26  years  of  age,  whose  frame  presented  a  remarkably  vigorous  a.»^ 
athletic  development,  nnd  Avho  exhaled  1591  cubic  inches  per  ho«*^ii 
This  large  quantity  of  carbonic  acid,  moreover,  in  well  develc 
persons,  is  not  owing  simply  to  the  size  of  the  entire  body,  bi 
particularly  to  the  develojvment  of  the  muscular  system,  since  »-^ 
unusually  large  skeleton^  or  an  abundant  deposit  of  adipose  tiasU' 
is  not  accompanied  by  any  such  increase  of  the  carbonic  acid. 

Andral  and  Gavarret  finally  sum  up  the  results  of  their  investig* " 
tions  as  follows  : — 


1.  The  quantity  of  carbonic  acid  exhaled  Irom  the  lungs  in  u  givef 
time  varies  with  the  age,  the  sex,  and  the  constitution  of  the  salijcct- 

2.  In  the  male,  as  well  as  iu  the  female,  the  quantity  of  carbouit^ 
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acid  varies  according  to  the  age ;  and  that  independently  of  the 
weight  of  the  individual  subjected  to  experiment. 

8.  During  all  the  periods  of  life,  from  that  of  eight  years  up  to 
the  most  advanced  age,  the  male  and  female  may  be  distinguished 
by  the  different  quantities  of  carbonic  acid  which  they  exhale  in  a 
given  time.  Other  things  being  equal,  the  male  exhales  always  a 
larger  quantity  than  the  female.  This  difference  is  particularly 
marked  between  the  ages  of  16  and  40  years,  during  which  period 
the  male  usually  exhales  twice  as  much  carbonic  acid  as  the  female. 

4.  In  the  male,  the  quantity  of  carbonic  acid  increases  constantly 
from  eight  to  .thirty  years;  and  the  rate  of  this  increase  undergoes 
a  rapid  augmentation  at  the  period  of  puberty.  Beyond  thirty 
years  the  exhalation  of  carbonic  acid  begins  to  decrease,  and  its 
diminution  is  more  marked  as  the  individual  approaches  extreme 
old  age,  so  that  near  the  termination  of  life,  the  quantity  of  carbonic 
acid  produced  may  be  no  greater  than  at  the  age  often  years. 

6.  In  the  female,  the  exhalation  of  carbonic  acid  increases  accord- 
ng  to  the  same  law  as  in  the  male,  from  the  age  of  eight  years 
intil  puberty.  But  at  the  period  of  puberty,  at  the  same  time  with 
he  appearance  of  menstruation,  the  exhalation  of  carbonic  acid. 
ontrary  to  what  happens  in  the  male,  ceases  to  increase ;  and  it 
ifterward  remains  stationary  so  long  as  the  menstrual  periods  recur 
irith  regularity.  At  the  cessation  of  the  menses,  the  quantity  of 
;arbonic  acid  exhaled  increases  in  a  notable  manner ;  then  it  de- 
creases again,  as  in  the  male,  as  the  woman  advances  toward  old  age. 

6.  During  the  whole  period  of  pregnancy,  the  exhalation  of  car- 
x>aic  acid  rises,  for  the  time,  to  the  same  standard  as  in  women 
trbose  menses  have  ceased. 

7.  In  both  sexes,  and  at  all  ages,  the  quantity  of  carbonic  acid  is 
greater  as  the  constitution  is  stronger,  and  the  muscular  system 
more  fully  developed. 

ProC  Scharling,  in  a  similar  series  of  investigations,'  found  that 
the  quantity  of  carbonic  acid  exhaled  was  greater  during  the  diges- 
tion of  food  than  in  the  fasting  condition.  It  is  greater,  also,  in  the 
waking  state  than  during  sleep ;  and  in  a  state  of  activity  than  in 
one  of  quietude.  It  is  diminished,  also,  by  fatigue,  and  by  most 
conditions  which  interfere  with  perfect  health. 

>Ann»lea  de  Chimie  et  de  Physiqae,  toI.  riii.  p.  490. 
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The  process  of  respiration  is  not  altogether  confined  to  the  langg, 
but  tlie  discharge  of  carbonic  acid  takes  place  al*),  to  a  slight  ex- 
tent, hoth  bj  the  urine  and  the  perspiration.  M.  Morin'  has  found 
that  the  urine  always  contains  gaaos  in  solution,  of  which  carbonic 
acid  is  considerably  the  most  abumlant.  The  me^n  result  of  fif- 
teen observations  showed  that  urine  excreted  during  the  night  con- 
tains  abi>ut  l.Oti  per  cent,  of  its  volume  of  carbonic  acid.  During 
the  day  the  quantity  of  this  gas  contained  in  the  urine  varied  con- 
siderably, according  to  the  condition  of  muscular  repose  or  activ- 
ity ;  since  after  remaining  quiet  for  an  hour  or  two,  it  was  only  1.19 
per  cent,  of  the  volume  of  ihe  urine,  while  after  continued  exertion 
for  the  same  space  of  time,  not  only  was  the  urine  augmented  in 
quantity,  but  the  proportion  of  carbonic  acid  contained  in  it  was 
ueurly  doubled,  amounting  to  2.2S)  per  cent,  of  its  volume. 

An  equal oreven  greater aetivity  of  gaseousexhalation  takesplaoe 
by  the  skin.  It  has  been  founds  by  inclosing  one  of  the  limbs  in  an 
air-tight  case,  that  the  air  in  which  it  is  confined  loses  oxygen  and 
gains  in  carbonic  acid.  By  an  experiment  of  this  sort,  performed  by 
Prof.  Scharling,  it  was  ascertained  that  the  carbonic  acid  given  off 
from  the  whole  cutuneoua  surface,  in  the  human  subject,  is  from 
one-sixtieth  to  one-thirtieth  of  that  discharged  during  the  same 
period  from  the  lungs.  A  certain  amount  of  odoriferous  organio 
matter  is  also  given  off  by  the  skin  as  well  as  by  the  lungs.  In  the 
truly  amphibious  animals,  that  is,  those  which  breathe  by  lungs,  and 
can  yet  remain  under  water  for  a  long  period  without  injurv  (as 
frogs  and  salamanders),  the  respiratory  function  of  the  skin  is  very 
active.  In  these  animals,  the  integument  is  very  vascular,  moist, 
and  flexible;  and  is  covered,  not  with  dry  cuticle,  but  with  a  very 
thin  and  delicate  layer  of  epithelium.  It  therefore  presents  all  the 
conditions  necessary  for  the  accomplishment  of  respiration ;  and 
while  the  animal  remains  beneath  the  surface,  and  the  lungs  are  io 
a  state  of  comparative  inactivity,  the  exhalation  and  absorption  of 
gases  continue  to  take  place  through  the  skin,  and  the  process  of 
respiration  goes  on  without  interruption. 


4 


i 


>  Reohercbes  sur  les  gai  lihres  de  TuTiae. 
Paris.  1864.  vul.  slv.  p.  396. 
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CHAPTER  XIII. 

ANIMAL    HEAT. 

Onx  of  the  most  important  phenomena  presented  by  animals  and 
vegetables  is  the  property  which  they  possess  of  maintaining,  more 
or  less  constantly,  a  standard  temperature,  notwithstanding  the 
external  vicissitudes  of  heat  and  cold  to  which  they  may  be  sub- 
jected. If  a  bar  of  iron,  or  a  jar  of  water,  be  heated  up  to  100°  or 
200°  F.,  and  then  exposed  to  the  air  at  50°  or  60°,  it  will  imme- 
diately begin  to  lose  heat  by  radiation  and  conduction ;  and  this 
loss  of  heat  will  steadily  continue,  until,  after  a  certain  time,  the 
temperature  of  the  heated  body  has  become  reduced  to  that  of  the 
surrounding  atmosphere.  It  then  remains  stationary  at  this  point, 
unless  the  temperature  of  the  atmosphere  should  happen  to  rise  or 
fiaill :  in  which  case,  a  similar  change  takes  place  in  the  inorganic 
body,  its  temperature  remaining  constant,  or  varying  with  that  of 
the  surrounding  medium. 

With  living  animals  the  case  is  different.  If  a  thermometer  be 
introduced  into  the  stomach  of  a  dog,  or  placed  under  the  tongue 
of  the  human  subject,  it  will  indicate  a  temperature  of  100°  F.,  very 
nearly,  whatever  may  be  the  condition  of  the  surrounding  atmo- 
sphere at  the  time.  This  internal  temperature  is  the  same  in  sum- 
mer and  in  winter.  If  the  individual  upon  whom  the  experiment 
has  been  tried  be  afterward  exposed  to  a  cold  of  zero,  or  even  of  20° 
or  80°  below  zero,  the  thermometer  introduced  into  the  interior  of 
the  body  will  still  stand  at  100°  F.  As  the  body,  during  the  whole 
period  of  its  exposure,  must  have  been  losing  heat  by  radiation  and 
conduction,  like  any  inorganic  mass,  and  has,  notwithstanding,  main- 
tained a  constant  temperature,  it  is  plain  that  a  certain  amount  of 
heat  has  been  generated  in  the  interior  of  the  body  by  means  of  the 
vital  processes,  sufficient  to  compensate  for  the  external  loss.  The 
internal  heat,  so  produced,  is  known  by  the  name  of  vital  or  animal 
Iieat. 

There  are  two  classes  of  animals  in  which  the  production  of  vital 
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heat  takes  place  witb  puoh  activitv  tliat  their  blooci  and  inter 
organs  are  nearly  always  very  much  above  the  external  temper- 
ature ;  ami  which  are  therelore  called  "  warm-blootled  aniinak." 
These  are  mummalia  and  birds.  Among  the  birds,  some  speciea. 
a:*  the  gull,  have  a  temperature  as  low  as  100°  F. ;  but  in  most  of 
them,  it  is  higher,  sometimes  reaching  as  high  as  110°  or  111°.  In 
the  mammalians,  to  which  class  man  bt'lougs,  the  animal  lem[>era 
ture  is  never  far  from  lOU*.  In  the  mml  and  the  Greenland  whale, 
it  has  been  found  to  be  104°  ;  and  in  the  {jorpoise,  which  is  an  air- 
breathing  animal,  99,5°.  Tn  the  human  subject,  if  the  bulb  of  ft 
delicate  thermouieter  be  held  for  some  minutes  between  the  folds 
of  skin  in  the  palm  of  the  hand,  it  will  stand  at  97.5°:  in  the  axilla, 
at  98**;  under  the  tongue,  and  protected  from  contact  with  the 
breath,  it  will  reach  99° ;  and  in  the  deeper  parts  of  the  internal 
organs,  the  temperature  is  no  doubt  100°.  When  the  temperature 
of  the  air  is  below  this,  the  external  parts  of  the  body,  being  most 
exposed  to  the  cooling  influences  of  radiation  and  conduction,  fall 
a  little  below  the  standard,  and  may  indicate  a  temperature  of  97°, 
or  even  several  degrees  below  this  point.  Thus,  on  a  very  cold 
flav,  the  thinner  and  more  exposed  parts,  such  as  the  nose,  the  ears, 
and  the  ends  of  the  fingers,  may  be  cooled  down  considerably  below 
the  standard  temperature,  and  may  even  be  congealed,  if  the  cold 
be  severe;  but  the  temperature  of  the  internal  organs  and  of  the 
blood  still  remains  the  same  under  all  ordinary  exposures. 

If  the  cold,  however,  be  so  intense  and  long  continued  as  to 
alYect  the  general  temperature  of  the  blood,  it  becomes  fatal.  Every 
wfarm-blooded  animal  has  the  power  of  resisting  the  depressing 
influence  of  external  cold,  both  by  the  internal  heat  which  is  con- 
stantly generated,  and  by  its  external  covering  of  fur  or  feathers, 
bv  which  this  heat  is  prevented  from  being  too  rapidly  lost.  But 
Avhen  the  exposure  is  so  great  that  the  loss  of  heat  is  more  rapid 
than  its  production,  the  internal  temperature  begins  to  fall,  and 
the  animal  becomes  gradually  torpid  and  insensible  in  proportion 
u<^  tlie  warmth  of  the  body  is  exhausted.  As  a  general  rule,  death 
results,  in  the  warm-blooded  animals,  if  the  temperature  of  the 
blood  be  reduced  to  about  80°.  These  animals,  accordingly, 
have  a  natural  internal  temperature,  at  which  the  blood  must  be 
maintained  in  order  to  sustain  life;  and  even  the  different  species 
belonging  t^j  the  same  class,  have  each  a  specific  temjxirature  which 
is  characteristic  of  tluMn,  and  which  cannot  be  raised  or  lowered,  to 
any  couaidorable  extent,  without  producing  death. 


I 
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"While  in  the  birds  and  mammalians,  however,  the  internal  pro- 
duction of  heat  is  so  active  that  their  temperature  is  nearly  always 
considerably  above  that  of  the  surrounding  media,  and  suflfers  but 
little  variation ;  in  reptiles  and  fish,  on  the  other  hand,  its  produc- 
tion is  much  less  rapid,  and  the  temperature  of  their  bodies  diflfers 
but  little  from  that  of  the  air  or  water  which  they  inhabit.  Birds 
and  mammalians  are  therefore  called  "  warm-blooded,"  and  reptiles 
and  fish  "  cold-blooded"  animals.  There  is,  however,  no  other  dis- 
tinction between  them,  in  this  respect,  than  one  of  degree.  In 
reptiles  and  fish  there  is  also  an  internal  source  of  heat ;  only  this 
is  not  so  active  as  in  the  other  classes.  Even  in  these  animals  a 
difference  is  usually  found  to  exist  between  the  temperature  of  their 
bodies  and  that  of  the  surrounding  media.  John  Hunter,  Sir 
Humphrey  Davy,  Czermak,  and  others,'  have  found  the  temperature 
of  Proteus  anguinus  to  be  63.5°,  when  that  of  the  air  was  55.4° ; 
that  of  a  frog  48",  in  water  at  44.4° ;  that  of  a  serpent  88.46°,  in 
air  at  81.5° ;  that  of  a  tortoise  84°,  in  air  at  79.5°  ;  and  that  of  fish 
to  be  from  1.7°  to  2.5°  above  that  of  the  surrounding  water. 

The  following  list'  shows  the  mean  temperature  belonging  to 
animals  of  different  classes  and  species,  according  to  the  results 
obtained  by  various  observers. 

Animal.  Mbak  Tbmpbbatuhb. 

f  Swallow 111.250 

I   Heron 111.2° 

Raven 108.6<» 

Pigeon 107.6° 

Fowl 106.7° 

Oull 100.0° 

Squirrel 105° 


BiBDS. 


Uamhaua. 


Reptilb. 


FUH. 


Goat 102.5° 

Cat 101.8° 

Hare 100  4° 

Dog 100.3° 

Ox 99.5° 

Hops. 98.2° 

Ape 95.9° 

Toad  .        •. 51.6° 

,  Carp 61.25° 

i  Tench 62.10° 


tn  the  invertebrate  animals,  as  a  general  rule,  the  internal  heat 
^    l>Toduced  in  too  small  quantity  to  be  readily  estimated.    In  some 

'  Simon's  Chemistry  of  Han,  Philadelphia  edition,  p.  124. 
»  Ibid.,  pp.  123—126. 
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of  the  more  active  kinds,  however,  such  as  insects  and  arachnida, 
it  is  occasionally  generated  with  such  activity  that  it  may  be 
appreciated  by  the  thennometer.  Thus,  the  temperature  of  ibe 
butterfly,  when  in  a  state  of  excitement,  is  from  5°  to  9"*  above 
tliat  of  the  air;  and  that  of  the  humble-bee  from  Z°  to  10®  higher 
than  the  exterior.  According  to  the  experiments  of  Mr.  Newport,' 
the  interior  of  a  hive  of  bees  may  have  a  temperature  of  4d**j5. 
when  the  external  atmosphere  is  at  34°.5,  even  while  the  insecte 
are  quiet ;  but  if  they  be  excited,  by  tapping  on  the  outside  of  the 
hive,  it  may  rise  to  102°.  In  all  casea,  while  the  insect  ts  at  rest. 
the  temperature  is  very  moderate ;  but  if  kept  in  rapid  motion  in 
a  confined  sjmce,  it  may  generate  heat  enough  to  aflect  the  thermo- 
meter sensibly,  in  tlie  course  of  a  few  minutes. 

Even  ill  vegctsiblea  a  certain  degree  of  heat-producing  power  is 
occasionally  manifest.  Usually,  the  exposed  surface  of  a  plant  ii 
so  extensive  in  proportion  to  its  mass,  that  whatever  caloric  may 
"be  generated  ia  too  rapidly  lost  by  radiation  and  evaporation,  Ui  be 
appreciated  by  ordinary  means.  Under  some  circumstances,  how- 
ever, it  may  accumulate  to  such  an  extent  as  to  become  readily 
perceptible.  In  the  process  of  malting,  for  example,  when  a  large 
quantity  of  germinating  grain  is  piled  together  in  a  mass,  its  ele- 
vated temperature  may  he  readily  distinguished,  both  by  the  band  h 
and  the  thcnnonxeter.  During  the  flowering  process,  also,  an  un- 1 
usual  evolution  of  heat  takes  place  in  plants.  The  flowers  of  the 
geranium  have  been  found  to  have  a  temperature  of  87**,  while 
that  of  the  air  was  81°;  and  the  tlicrmometer,  placed  in  the  centre 
of  a  clump  of  blossoms  of  arum  cordtfolium,  has  been  seen  to  nso^| 
to  111'^,  and  even  121°,  while  the  temperature  of*  the  external  air 
was  only  66'*.* 

Dutrochet  has  moreover  found,  by  a  series  of  very  ingenious  and] 
delicate  experiments,' that  nearly  all  parts  of  a  living  plant  gene-l 
rate  a  certain  amount  of  lieat.  The  proper  heat  of  the  plant  is] 
usuully  so  rajndly  dissipated  by  the  continuous  evaporation  of  its] 
fluids,  that  it  is  mostly  imperceptible  bv  ordinary  means ;  but  if  I 
this  evaporation  be  prevented,  by  keeping  the  air  charged  with] 
watery  vapor,  the  heat  becomes  sensible  and  can  be  appreciated  by] 
a  delicate  thermometer.    Dutrochet  used  for  this  purpose  a  thcrmo-i 

'  CarpenUr's  Qener&l  nml  roin])!in»ti»«  Pliystologjr,  Pliiladelpfaia,  1851,  p,  862. 

■  Carp«nter's  0«n.  auil  Conip.  Physiology,  p.  846. 

*  AoiMlea  dfls  Sciences  NAturvllea,  2d  aeries,  xii.  p.  277. 
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electric  apparatus,  so  constructed  that  an  elevation  of  temperature 
of  V*  ¥^  in  the  substances  examined,  would  produce  a  deviation  in 
the  needle  of  nearly  nine  degrees.  By  this  means  he  found  that  he 
could  appreciate,  without  difficulty,  the  proper  temperature  of  the 
plant.  A  certain  amount  of  heat  was  constantly  generated,  during 
the  day,  in  the  green  stems,  the  leaves,  the  buds,  and  even  the 
roots  and  fruit  The  maximum  temperature  of  these  parts,  above 
that  of  the  surrounding  atmosphere,  was  sometimes  a  little  over 
one-half  a  degree  Fahrenheit;  though  it  was  often  considerably 
les8  than  this. 

The  different  parts  of  the  vegetable  fabric,  therefore,  generate 
different  quantities  of  caloric.  In  the  same  manner,  the  heat- 
producing  power  is  not  equally  active  in  different  species  of  ani- 
mals; but  its  existence  is  nevertheless  common  to  both  animal^ 
and  vegetables. 

With  regard  to  the  mock  of  generation  of  this  internal  or  vital 
heat,  we  may  start  with  the  assertion  that  its  production  depends 
upon  changes  of  a  chemical  nature,  and  is  so  far  to  be  regarded  as 
a  chemical  phenomenon.  The  sources  of  heat  which  we  meet 
with  in  nature  are  of  various  kinds.  Sometimes  the  heat  is  of 
a  physical  origin ;  as,  for  example,  that  derived  from  the  rays  of 
the  sun,  the  friction  of  solid  substances,  or  the  passage  of  electric 
currents.  In  other  instances  it  is  produced  by  chemical  changes : 
and  the  most  abundant  and  useful  source  of  artificial  heat  is  the 
oxidation,  or  combustion,  of  carbon  and  carbonaceous  compounds. 
Wood  and  coal,  substances  rich  in  carbon,  are  mostly  used  for  this 
purpose ;  and  charcoal,  which  is  nearly  pure  carbon,  is  frequently 
employed  by  itself.  These  substances,  when  burned,  or  oxidized, 
evolve  a  large  amount  of  heat ;  and  produce,  as  the  result  of  their 
oxidation,  carbonic  acid.  In  order  that  the  process  may  go  on,  it 
is  of  course  necessary  that  oxygen,  or  atmospheric  air,  should  have 
free  access  to  the  burning  body;  otherwise  the  combustion  and 
evolution  of  heat  cease,  for  want  of  a  necessary  agent  in  the  cliemi- 
cal  combination.  In  all  these  instances,  the  quantity  of  heat  gene- 
rated is  in  direct  proportion  to  the  amount  of  oxidation ;  and  may 
he  measured,  either  by  the  quantity  of  carbon  consumed,  or  by  that 
of  carbonic  acid  produced.  It  may  be  made  to  go  on,  also,  either 
slowly  or  rapidly,  according  to  the  abundance  and  purity  in  which 
oxygen  is  supplied  to  the  carbonaceous  substance.  Thus,  if  char- 
coal be  ignited  in  an  atmosphere  of  pure  oxygen,  it  burns  rapidly 
and  violently,  raises  the  temperature  to  a  high  point,  and  is  soon 
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consumed.  On  the  otlier  hand,  if  it  be  shut  up  in  a  dose  stove, 
to  which  the  air  is  admitted  slowly,  it  pro<iuces  only  a  slight 
elevation  oi'  temperature,  and  may  require  a  much  longer  timo 
Tor  its  complete  disappearance,  Neverthtdess,  for  the  same  quan- 
tity of  carbon  consumed,  the  amount  of  heat  generated,  as  well  aa 
that  of  carbonic  acid  produced,  will  be  e(iual  in  the  two  casee.  In 
one  instance  we  have  a  rapid  combustion,  in  the  other  a  slow  com- 
bustion ;  the  total  ellcct  being  the  same  in  both. 

Such  in  the  mode  iu  which  heat  is  coinmoidy  produced  by  artifi- 
cial means,  its  evolution  is  here  dependent  upon  two  principal 
conditions,  which  are  essential  to  it,  and  by  whitdi  it  is  always 
accompanied,  viz.,  the  consumption  of  oxygen,  and  the  production 
of  carbonic  acid. 

Now,  siuce  the  two  phenomena  just  mentioned  are  presented 
also  by  the  living  body,  and  since  they  are  accompanied  here,  too. 
by  the  production  of  animal  heat,  it  was  very  natural  to  sup|x«e 
that  in  the  animal  organization,  as  well  as  elsewhere,  the  tiitcrnul 
heat  might  be  owing  to  nn  oxidation  or  combustion  of  carbon.  Ac- 
cording to  Lavoisier,  the  oxygen  taken  into  the  lungs  was  sup- 
posed to  combine  immediately  with  the  carbon  of  the  pulmoaary 
tissues  and  fluids,  producing  carbonic  acid,  and  to  be  at  once  re- 
turned under  that  form  to  the  atmosphere  ;  the  same  quantity  of 
heat  resulting  from  the  above  process  as  would  have  been  produced 
by  the  oxidation  of  a  similar  iiuatitity  of  carbon  in  wood  or  c«>al. 
Accordingly,  he  regarded  the  lungs  as  a  sort  of  stove  or  furnace, 
by  which  the  rest  of  the  body  was  warmed,  through  the  medium  of 
the  circulating  blood. 

It  was  soon  found,  however,  that  this  view  was  altogether  erro- 
neous; for  the  slightest  examination  shows  that  the  lungs  are  not. 
perceptibly  warmer  than  the  rest  of  the  body ;  and  that  the  heal- 
projliicing  power,  whatever  it  may  be,  does  not  reside  exclusively 
in  the  pulmonary  tissue.  Furthermore,  subsequent  investigations 
showed  the  following  very  im]Kjrtant  facts,  which  we  have  already 
mentioned,  viz.,  that  the  carbonic  acid  is  not  formed  in  the  lungs, 
but  exists  in  the  blood  before  its  arrival  in  the  pulmonary  capilJa- 
ries ;  and  that  the  oxygen  of  the  inspired  air,  so  lar  from  combining 
with  carbon  iu  the  lungs,  is  taken  up  in  solution  by  the  hlood« 
globules,  and  carried  away  by  the  current  of  the  general  circulntivm. 
It  is  evident,  therefore,  that  this  oxidation  or  combustion  of  tho 
blood  must  take  place,  if  at  nil,  not  in  the  lungs,  but  in  the  capil 
laries  of  the  various  organs  and  tissues  of  the  body. 
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Xiiebig  accordini^l  y  luloptel  Lavoisier's  theory  of  the  production 
of  animal  heat,  witli  t.io  aboVvj  modification.  IIj  beliovod  the  heat 
of  the  animal  body  to  he  prolnej  1  l)y  t\\o  oxi  l.xtion  or  uombustion 
of  certain  elements  of  tlu  food  whila  still  circu!.it,i:i;f  in  the  blood  ; 
these  substances  being  converted  into  carbonic  acid  and  water  by 
the  oxidation  of  their  carbt)n  nnd  hydrogen,  and  immediately  ex- 
pelled from  the  body  without  ever  liavin^  iortncd  a  part  of  the  solid 
tissues.  He  therefore  divided  the  food  into  two  different  classes  of 
alimentary  substances ;  viz.,  1st,  the  niirogenoiis  or  plastic  elements, 
which  are  introduced  in  comparatively  small  quantity,  and  which 
are  to  be  actually  converted  into  the  substance  of  the  tissues,  such  as 
albumen,  muscular  flesh,  &c. ;  and  2d,  the  hydro-carbons  or  respiratory 
elements,  such  as  sugar,  starch,  and  fat ;  which,  according  to  his  view, 
are  taken  into  the  blood  solely  to  be  burned,  never  being  assimilated 
or  converted  into  the  tissues,  but  only  oxidized  in  the  circulation, 
and  immediately  expelled,  as  above,  under  the  form  of  carbonic 
acid  and  water.  He  therefore  regarded  these  elements  of  the  food 
only  as  so  much  fuel ;  destined  simply  to  maintain  the  heat  of  the 
body,  but  taking  no  part  in  the  proper  function  of  nutrition. 

The  above  theory  of  animal  heat  has  been  very  generally  adopted 
and  acknowledged  by  the  medical  profession  until  within  a  recent 
period.  A  few  years  ago,  however,  some  of  its  deficiencies  and 
inconsistencies  were  pointed  out,  by  Lehmann  in  Germany,  and  by 
Robin  and  Verdeil  in  France ;  and  since  that  time  it  has  begun  to 
lose  ground  and  give  place  to  a  different  mode  of  explanation,  more 
in  accordance  with  the  present  state  of  physiological  science.  We 
believe  it,  in  fact,  to  be  altogether  erroneous;  and  incapable  of 
explaining,  in  a  satisfactory  manner,  the  phenomena  of  animal  heat, 
aa  exhibited  by  the  living  body.  We  shall  now  proceed  to  pass  in 
review  the  principal  objections  to  the  theory  of  combustion,  con- 
sidered as  a  physiological  doctrine. 

I.  It  is  not  at  all  necessary  to  regard  the  evolution  of  heat  as 
dependent  solely  on  direct  oxidation.  This  is  only  one  of  its 
sources,  as  we  constantly  see  in  external  nature.  The  sun's  rays, 
mechanical  friction,  electric  currents,  and  more  particularly  a  great 
variety  of  chemical  actions,  such  as  various  saline  combinations  and 
decompositions,  are  all  capable  of  producing  heat;  and  even  simple 
solutions,  such  as  the  solution  of  caustic  potassa  in  water,  the  mixture 
of  sulphuric  acid  and  water,  or  of  alcohol  and  water,  will  often  pro- 
duce a  very  sensible  elevation  of  temperature.    JTow  we  know  that 
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ia  the  interior  of  the  body  many  different  actions  of  this  natxtre  aw 
constantly  going  on;  solutions,  combinations  and  decompositirtM 
in  endless  variety,  all  of  which,  taken  together,  are  no  doubt  suffi- 
cient to  account  for  the  production  of  animal  heat,  provided  the 
theory  of  combustion  be  found  insufficient  or  improbable. 


I 


11.  In  vegetables  there  is  an  internal  production  of  heat,  as  well 
as  in  animals;  a  fact  which  has  been  fully  demonstrated  by  llw 
experiments  of  Dutroehet  and  others,  already  described.  In  vegfr 
tables,  however,  the  absorption  of  oxygen  and  exhalation  of  c&^  ■ 
bonic  acid  do  not  take  place;  excepting,  to  some  extent,  during  the 
night.  On  the  contrary,  the  diurnal  process  in  vegetables,  it  is  well 
known,  is  exactly  the  reverse  of  this.  Under  the  influence  of  the 
solar  light  they  absorb  carbonic  acid  and  exhale  oxygen.  And  it 
is  exceedingly  remarkable  that,  in  Dutrochet's  experiments,  he 
found  that  the  evolution  of  heat  by  plants  was  always  accompanied 
by  the  disappearance  of  carbonic  acid  and  the  exhalation  of  oxygen. 
Plants  which,  in  the  daylight,  exhale  oxygen  and  evolve  heat,  if 
placed  in  tlie  dark,  immediately  begin  to  absorb  oxygen  and  exhale 
carbonic  actd  ;  and,  at  the  same  time,  the  evolution  of  heat  ys  sus- 
pended. Dutrochet  even  found  that  the  evolution  of  heat  by  plants 
presented  a  regular  diurnal  vari.ition;  and  that  its  maximum  of 
intensity  was  about  the  middle  of  the  day.  Just  at  the  lime  whmiitt 
ahsorption  of  carhmic  acid  and  the  exhalation  of  oxygen  are  going  ""» 
with  (he  greatest  activity.  The  proper  heat  of  plants,  therefore,  can- 
not he  the  result  of  oxidation  or  combustion,  but  must  be  dependent 
on  a  different  process. 

m.  In  animals,  the  quantities  of  oxygen  absorbed  and  of  carbonic 
acid  exhaled  do  not  correspond  with  each  other.  Most  frequentlj' 
a  certain  amount  of  oxygen  disappears  in  the  body,  over  and  above 
that  which  is  returned  in  the  breath  under  the  form  of  cjirlxmic 
acid.  This. overplus  of  oxygen  has  been  said  to  unite  with  the 
hydrogen  of  the  food,  so  as  to  form  water  which  also  passes  out 
by  the  lungs;  but  this  is  a  pure  assumption,  resting  on  no  direct 
evidence,  for  we  have  no  experimental  proof  that  any  more  watery 
vapor  is  exhaled  from  the  lungs  than  is  supplied  by  the  fluids  taken 
into  the  stomach.  It  is  superfluous,  therefore,  to  assume  that  any 
of  it  is  produced  by  the  oxidation  of  hydrogen. 

Furthermore,  the  proportion  of  overplus  oxygen  which  disaj 
pears  in  the  body,  beside  that  which  is  exhaled  in  the  carbonic  acid 
of  the  breath,  varies  greatly  in  the  same  animal  according  to  th« 
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y  of  the  food.  Regnault  and  Reiset*  found,  that  in  dogs  fed 
sat,  the  oxygen  which  reappeared  under  the  form  of  carbonic 
ras  onljr  75  per  cent,  of  the  whole  quantity  absorbed  j  while 
58  fed  on  vegetable  substances  it  amounted  to  over  90  vper 
In  some  instances,*  where  the  animals  (rabbits  and  fowls) 
fed  on  bread  and  grain  exclusively,  the  proportion  of  expired 
in  amounted  to  101  or  even  102  per  cent. ;  that  is,  more  oxygen 
<:tually  contained  in  the  carbonic  acid  exhaled,  than  had  been  ah- 
in  a  free  state  from  the  atmosphere.  A  portion,  at  least,  of  the 
lie  acid  must  therefore  have  been  produced  by  other  means 
lirect  oxidation. 

It  has  already  been  shown,  in  a  previous  chapter,  that  the 
lie  acid  which  is  exhaled  from  the  lungs  is  not  primarily 
4  in  the  blood,  but  makes  its  appearance  in  the  substance  of 
isnes  themselves ;  and  furthermore,  that  even  here  it  does  not 
ate  by  a  direct  oxidation,  but  rather  by  a  process  of  decom- 
>n,  similar  to  that  by  which  it  is  produced  from  sugar  in 
3oh(^  fermentation.  We  understand  from  this  how  to  ex- 
the  singular  fact  alluded  to  in  the  last  paragraph,  viz.,  the 
lant  production  of  carbonic  acid,  under  some  circumstances, 
i  comparatively  small  supply  of  free  oxygen.  The  statement 
by  Liebig,  therefore,  that  starchy  and  oily  matters  taken  with 
od  are  immediately  oxidized  in  the  circulation  without  ever 

assimilated  by  the  tissues,  is  without  foundation.  It  never, 
t,  rested  on  any  other  ground  than  a  supposed  probability ; 
a  we  see  that  carbonic  acid  is  abundantly  produced  in  the 
by  other  means,  we  have  no  longer  any  reason  for  assuming, 
at  direct  evidence,  the  existence  of  a  combustive  process  in 
cod. 

The  evolution  of  heat  in  the  animal  body  is  not  general,  as  it 
I  be  if  it  resulted  from  a  combustion  of  the  blood  ;  but  local, 
it  takes  place  primarily  in  the  substance  of  the  tissues  them- 
.  Various  causes  will  therefore  produce  a  local  elevation  or 
ision  of  temperature,  by  modifying  the  nutritive  changes  which 
laoe  in  the  tissues.  Local  inflammations  increase  very  sensibly 
nperatureof  the  part  in  which  they  are  seated,  while  that  of  the 
il  mass  of  the  blood  is  not  altered.   Finally  it  has  been  demon 

I  Annales  de  Chimie  et  de  Physique,  8d  series,  xzvi.  p.  428. 
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strated  "by  Bernard  that  in  the  natural  state  of  the  system  there  \s  a 
marked  clitTcreuce  in  the  temperature  oftUediffereat  organs  aadol' the 
blood  returning  from  them.'  The  method  adopted  by  this  experi- 
menter was  to  introduce,  in  the  living  animal,  the  bulb  of  a  fine  ther- 
mometer successively  into  the  bloodvessels  entering  an<l  those  leav- 
ing the  various  internal  organs.  The  dilTerence  of  temperature  in 
these  two  situations  showed  whether  the  blood  had  lost  ur  gained  to 
heat  while  traversing  the  capillaries  of  the  organ.  Bernard  found,  in 
the  first  place,  that  the  blood  in  passing  through  the  lungs,  so  far 
from  increasing,  was  absolutely  diminished  in  temperature;  the 
blood  on  the  left  side  of  the  heart  being  sometimes  a  little  more 
and  sometimes  a  little  less  than  one-third  of  a  degree  Fahr.  lower 
than  on  the  right  side.  This  slight  cooling  of  the  blood  in  the 
lungs  is  owing  simply  to  its  exposure  to  the  air  through  the  pul- 
monary membrane,  and  to  the  vaporization  of  water  which  takes 
place  in  these  organs.  In  the  abdominal  viscera,  on  the  contrary, 
the  blood  is  increased  in  temperature.  It  is  sensibly  warmer  in  the 
portal  vein  than  in  the  aorta;  and  very  considerably  warmer  in  the 
hepatic  vein  than  in  either  the  portal  vein  or  vena  cava.  As  the 
result  of  many  observations,*  Bernard  found  that  in  the  dog  the 
tempefiiture  of  the  blood  in  the  abdominal  aorta  varied  from  i^0.o** 
to  105.5"  F. ;  in  the  portal  vein,  from  1U0°  to  106°;  and  in  the 
hepatic  vein,  from  101'^  to  100,8".  The  warmest  blood  in  the  body, 
accordingly,  is  that  of  the  hepatic  vein,  which  has  already  paaaed 
through  two  successive  capillary  circulations  since  leaving  the 
arterial  system.  The  greatest  increase  in  temperature,  however, 
according  to  the  above  observations,  takes  place  in  the  liver  itaelf ; 
for,  while  the  average  increa,se  between  the  blood  of  the  aorta  and 
that  of  the  portal  vein  was  rather  less  than  a  quarter  of  a  degree, 
that  between  the  portal  vein  and  the  hepatic  vein  was  over  half  a 
degree. 

Furthermore,  it  is  Bernard's  conclusion  that  animal  heat  is  pro- 
duced in  the  substance  of  the  tissues,  since  these  are  often  warmer 
than  the  venous  blood  coming  from  them.  Thus  the  stomach  and 
duodenum  wore  found  to  have  a  temperature  of  from  half  a  degree 
to  one  degree  higher  than  that  of  the  bl<x>d  in  the  portal  vein  in 
their  vicinity.  The  blood  accordingly  receives  ita  heat  in  great 
measure  from  tissue  of  the  organs  through  which  it  circulat*»; 
and  as  the  chemical  processes  of  nutrition  are  necessarily  difibrent 
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in  the  different  tissues  and  organs,  it  is  easy  to  understand  why 
a  specific  amount  of  heat  should  be  produced  in  each  of  them.  A 
similar  feet,  it  will  be  recollected,  was  noticed  by  Dutrochet,  in 
regard  to  the  different  parts  of  the  vegetable  organism. 

VI.  Animal  heat  has  been  supposed  to  stand  in  a  special  relation 
to  the  production  of  carbonic  acid,  because  in  warm-blooded  animals 
the  respiratory  process  is  more  active  than  in  those  of  a  lower 
temperature;  and  because,  in  the  same  animal,  an  increase  or  di- 
minution in  the  evolution  of  heat  is  accompanied  by  a  correspond- 
ing increase  or  diminution  in  the  products  of  respiration.  But 
this  is  also  true  of  all  the  other  excretory  products  of  the  body.  An 
elevation  of  temperature  is  accompanied  by  an  increased  activity 
of  all  the  nutritive  processes.  Not  only  carbonic  acid,  but  the 
ingredients  of  the  urine  and  the  perspiration  are  discharged  in  larger 
quantity  than  usual.  An  increased  supply  of  food  also  is  required, 
as  well  as  a  larger  quantity  of  oxygen;  and  the  digestive  and 
secretory  processes  both  go  on,  at  the  same  time,  with  unusual 
activity. 

Animal  heat,  then,  is  a  phenomenon  which  results  from  the 
simultaneous  activity  of  many  different  processes,  taking  place  in 
many  different  organs,  and  dependent,  undoubtedly,  on  different 
chemical  changes  in  each  one.  The  introduction  of  oxygen  and 
the  exhalation  of  carbonic  acid  have  no  direct  connection  with  each 
other,  but  are  only  the  beginning  and  the  end  of  a  long  series  of 
changes^  in  which  all  the  tissues  of  the  body  successively  or  simul- 
taneously take  part.  Their  relation  is  precisely  that  which  ex- 
ists between  the  food  introduced  into  the  stomach,  and  the  urine 
discharged  by  the  kidneys.  The  tissues  require  for  their  nutri- 
tion a  constant  supply  of  solid  and  liquid  food  whif,h  is  intro- 
dnoed  through  the  stomach,  and  of  oxygen  which  is  introduced 
through  the  lungs.  The  disintegration  and  decomposition  of  the 
tissues  ^ve  rise,  on  the  one  hand,  to  urea,  uric  acid,  &c.,  which  are 
discharged  with  the  urine,  and  on  the  other  hand  to  carbonic  acid, 
which  is  exhaled  from  the  lungs.  But  the  oxygen  is  not  directly 
ocrnvdrted  into  carbonic  acid,  any  more  than  the  food  is  directly 
converted  into  urea  and  the  urates. 

Animal  heat  is  not  to  be  regarded,  therefore,  as  the  result  of  a 

oombustive  process.    There   is  no  reason  for  believing  that  the 

greater  part  of  the  food  is  "  burned"  in  the  circulation.    It  is,  on 

the  contrary,  assimilated  by  the  substance  of  the  tissues ;  and  these, 
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in  their  subsequent  disintegration,  give  rise  to  several  ezcretor 
products,  one  of  which  is  carbonic  acid. 

The  numerous  combinations  and  decompositions  which  foUoi 
each  other  incessantly  during  the  nutritive  process,  result  in 
production  of  an  internal  or  vital  heat,  w^hich  is  present  in  bot^;;;;;^ 
animals  and  vegetables,  and  which  varies  in  amount  in  differei^^j^ 
species,  in  the  same  individual  at  different  times,  and  even  ^^[q 
different  parts  and  organs  of  the  same  bodj. 
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CHAPTER    XIV. 

THE  CIRCULATION. 

The  blood  may  be  regarded  as  a  nutritious  fluid,  holding  in 
lolation  all  the  ingredients  necessary  for  the  formation  of  the 
issues.  ^In  some  animals  and  vegetables,  of  the  lowest  organization, 
each  as  infusoria,  polypes,  algsa^  and  the  like,  neither  blood  nor 
nrculation  is  required ;  since  all  parts  of  the  body,  having  a  similar 
ttmcture,  absorb  nourishment  equally  from  the  surrounding  media, 
md  carry  on  nearly  or  quite  the  same  chemical  processes  of  growth 
md  assimilation.  In  the  higher  animals  and  vegetables,  however, 
IS  well  as  in  the  human  subject,  the  case  is  different  In  them,  the 
itnicltiTe  of  the  body  is  compound.  Different  organs,  with  widely 
Ufierent  ftmctions,  are  situated  in  different  parts  of  the  frame ;  and 
MMsh  of  these  functions  is  more  or  less  essential  to  the  continued 
3xistence  of  the  whole.  In  the  intestine,  for  example,  the  process 
oi  digestion  is  accomplished ;  and  the  prepared  ingredients  of  th<; 
Gxid  are  theooe  absorbed  into  the  bloodvessels,  by  which  they  are 
transported  to  distant  tissues  and  organs.  In  the  lungs,  again,  the 
blood  absorbs  oxygen  which  is  afterward  to  be  appropriated  by 
lihe  tissues;  and  the  carbonic  acid,  first  produced  in  the  tissues,  is 
finally  exhaled  from  the  lungs.  In  the  liver,  the  kidneys,  and  the 
Bldo,  other  substances  still  are  produced  or  eliminated,  and  these 
local  processes  are  all  necessary  to  the  preservation  of  the  general 
organization.  The  circulating  fluid  is,  therefore,  in  the  higher 
ft«^im»l«j  A  means  of  transportation,  by  which  the  substances  pro* 
daoed  in  particular  organs  are  dispersed  throughout  the  body,  or 
by  which  substances  produced  generally  in  the  tissues  are  conveyed 
to  partioolar  organs,  in  order  to  be  eliminated. 

The  circulatory  apparatus  consists  of  four  different  parts,  viz : 
Ist.  The  heart ;  a  hollow,  muscular  organ,  which  receives  the  blood 
at  one  orifice  and  drives  it  out,  in  successive  impulses,  at  another. 
2d.  The  arteries;  a  series  of  branching  tubes,  which  convey  the 
blood  from  the  heart  to  the  different  tissues  and  organs  of  the  body. 
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3d.  The  capillaries;  a  network  of  minute  inosculating  tubu]<^ 
which  are  interwoven  with  the  substance  of  the  tissues,  and  whiob 
bring  the  blood  into  intimate  contact  with  their  component 
parts;  and  4th.  The  veins;  a  set  of  converging  vessels,  destined 
to  collect  the  blood  from  the  capillaries,  and  return  it  to  the 
heart.  In  each  of  these  different  parts  of  the  circulatory  appa* 
latus,  t)ie  movement  of  the  blood  is  peculiar  and  dependent  un 
special  conditions.  It  will  therefore  require  to  be  studied  in 
each  one  separately. 


THE  HEART. 

The  structure  of  the  heart,  and  of  the  adjacent  vessels,  | 
ties  in  different  classes  of  animals,  owing  to  the  diflfe 
arrangement  of  the  respiratory  organs.  For  the  respiratory 
apparatus  being  one  of  the  most  important  in  the  body,  ami 
the  one  most  closely  connected 

by  anatomical   relations   with  Fig.  77. 

the  organs  of  circulution,  the 
latter  are  necessarily  modified 
in  structure  to  correspond  with 
the  former.  In  fish,  for  exam- 
ple (Fig.  77),  the  heart  is  an 
organ  consisting  of  two  princi- 
pal cavities ;  an  auricle  (a)  into 
which  the  blood  is  received  from 
the  central  extremity  of  the 
vena  cava,  and  a  ventricle  (i) 
into  which  the  blood  is  driven 
by  the  contraction  of  the  auricle. 
The  ventricle  is  considerably 
larger  and  more  powerful  than 
the  auricle,  and  by  its  contrac- 
tion drives  the  blood  into  the 
main  artery  supplying  the  gills. 
In  the  gills  (re)  the  blood  is 
arterialized;  after  which  it  is 
collected  by  the  branchial  veins. 

These  veins  unite  upon  the  median  line  to  form  the  aorta  (rf)  by 
which  the  blood  is  finally  distributed  throughout  the  frame.    In 
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limala  the  respiratory  process  is  not  a  very  active  one ;  but 
1,  which  are  of  small  size,  being  the  only  respiratory  organs, 
)lood  requires  to  jiasa  througii  them  for  purposes  of  aeration, 
irt  here  ia  a  single  organ,  destined  only  to  drive  the  blood 
S  termination  of  the  venous  system  to  tlio  capillaries  of  the 

Utiles  the  heart  is  composed  of  two  auricles  and  one  ven- 
Fig.  78.)     The  vense  cavee  discharge  their  blood  into  the 

right  auricle  {a),  whence  it  passes 
into  the  ventricle  (c).  From  the 
ventricle,  a  part  of  it  is  carried 
into  the  aorta  and  distributed 
throughout  the  body,  while  a  part 
is  sent  to  the  lungs  through  the 
pulmonary  artery.  The  arterialized 
blood,  returning  from  the  lungs  by 
the  pulmonary  vein,  is  discharged 
into  the  left  auricle  {b),  and  thence 
into  the  ventricle  (c),  where  it 
mingles  with  the  venous  blood 
which  has  just  arrived  by  the  venso 
cavae.  In  the  reptile,  therefore,  the 
ventricle  is  a  common  organ  of  pro- 
pulsion, both  for  the  lungs  and  for 
the  general  circulation.  In  these 
animals  the  aeration  of  the  blood  in 
the  lungs  is  only  partial ;  a  certain 
portion  of  the  blood  being  carried 
UDgs  by  the  pulmonary  artery,  just  as  in  the  human  eubject 
|y  a  portion  of  tlie  blood  which  is  carried  to  the  kidney  by 
(al  artery.  This  arrangement  is  sufficient  for  the  reptiles, 
^  in  many  of  them,  such  as  serpents  and  turtles,  the  lungs 
ph  more  extensive  and  efficient,  as  respiratory  organs,  than 
Is  of  fish;  while  in  others,  such  as  frogs  and  water- lizard.s, 
pgument  itself,  which  is  moist,  smooth,  and  naked,  also  takes 
brtant  share  in  the  aeration  of  the  blood, 
nadrupeds  and  the  human  species,  however,  the  respiratory 
I  is  not  only  exceedingly  active,  but  the  lungs  are.  ut  the 
me,  the  only  organs  in  which  the  aeration  of  the  blood  is 
womplished.  Here,  accordingly,  we  find  the  two  circulation.s, 
ulmonary,  distinct  from  each  other.  (Fig.  79.)     All 
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the  blood  returning  from  the  bady  hy  the  veius  must  pasn  ihroupr 
the  lungs  before  it  is  again  distributed  through  the  arterial  tfvsiotn. 
We  have  therefore  a  double 

circulation    and     a    double  f'K'  '^• 

heart;  the  two  aides  of  the 
organ,  though  united  exter- 
nally, being  separate  inter- 
nally. The  mammalian  heart 
consists  of  a  right  auricle 
and  ventricle  (a,  b),  receiving 
the  blood  from  the  vena  cava 
(t),and  driving  it  to  the  lungs; 
and  a  left  auricle  and  ventri- 
cle (/  g)  receiving  the  blood 
from  the  lunga  and  driving  it 
outward  through  the  arterial 
system. 

In  the  complete  or  double 
mammalian  heart,  the  differ- 
ent parts  of  the  organ  present 
certain  peculiarities  and  bear 
certain  relations  to  each  other, 
which  it  is  necessary  to  under- 
stand before  we  can  properly  appreciate  its  action  and  movements. 
The  entire  organ  has  a  more  or  less  conical  form,  its  base  being  situ- 
ated on  the  median  line, directed  upward  and  backward;  the  whole 
being  suspended  in  the  chest,  and  loosely  fixed  to  the  spinal  column^ 
by  the  great  vessels  which  enter  and  leave  it  at  this  point.  The 
apex,  on  the  contrary,  is  directed  downward,  forward,  and  to  the 
left,  surrounded  by  the  pericardium,  but  capable  of  a  certain  de- 
gree of  lateral  and  rotatory  motion.  The  auricles,  which  have  a 
smaller  cfipacity  and  thinner  walls  than  the  ventricles,  are  situ- 
ated at  the  upper  and  posterior  part  of  the  organ  (Figs.  80  and  81); 
while  the  ventricles  occupy  its  anterior  and  lower  portions.  Tlie 
two  ventricles,  moreover,  are  not  situated  on  the  same  piano,  but 
the  right  ventricle  occupies  a  position  somewhat  in  front  and  above 
that  of  the  left;  so  that  in  an  anterior  view  of  the  heart  the  greater 
portion  of  the  left  ventricle  is  concealed  by  the  right  (Fig.  80),  and  in 
a  posterior  view  the  greater  portion  of  the  right  ventricle  is  cop 
cealed  by  the  left  (Fig.  81);  while  in  both  positions  the  apex  of  the 
b'^art  ia  constituted  altogether  by  the  point  of  the  left  ventricle. 


ClRCniATinn  IN  MaMMALIAHI— -^  Ki^-hC 
auricle,  b.  Right  veotrlcle.  c.  PolnotiKr/  •rter/ 
d.  Lang;!.  «.  ralmonnr;  rein  /.  I/«ft»Biiel«.  g 
hen  Teotrlcle.    A.  Aorta,     i.  Vena  ots. 


i 


I 


J 


264 


TFIE    CIRCULATIOX. 


The  auriculo- ventricular,  aortic,  aad  pulmonary  orifices  are  fur 
nislied  wiih  valves,  which  allow  the  blood  to  pass  readily  from 
the  auricles  to  the  ventricles,  and  from  the  ventricles  to  the  arte' 
ries,  but  .shut  back  in  such  a  manner  as  to  prevent  its  return  in 
tlie  opposite  direction.  The  course  of  the  blood  through  tie 
Jieart  is,  therefore,  as  follows.  From  the  vena  cava  it  passes  into 
the  right  auricle;  and  from  the  right  auricle  into  the  right  ven- 
tricle. (Fig.  82.)  On  the  contraction  of  the  right  ventricle,  the  tri- 
cuspid valves  shut  back,  preventing  its  return  into  the  auricle 
(Fig. 83);  and  it  i.s  llitis  driven  through  the  pulmonary  artery  to  thu 

Fig.  83. 
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lungg.  Returning  from  the  lungs,  it  enters  the  left  auricle,  thenc»-  ^ 
passes  into  the  left  ventricle,  from  which  it  is  finally  delivered  inl«^^- 
the  aorta,  and  distributed  throughout  the  lx>dy.  (Fig.  84.)  Thi=  ■* 
movement  of  the  blotnl,  however,  through  the  cardiac  cavities^  i*-^ 
not  a  continu.>us  and  steady  flow,  but  is  accomplished  by  allemat^^ 
contractions  and  relaxatioiK  of  the  muscular  parietes  of  the  heart  ■— ' 
so  that  with  every  impulse,  successive  portions  of  blood  are  receivc^^ 
by  the  auricles,  delivered  into  the  ventricles,  and  by  them  dis^^ 
charged  into  the  arteries.  Each  one  of  these  successive  actions  tf^ 
culled  a  beat,  or  pnhalion  of  the  heart.  ^ 

Each  pulsation  of  the  heart  is  accompanied  by  certain  importai  * 
phenomena,  which  require  to  be  studied  in  detail.  These  are  lL»  ** 
lovivh,  the  movements,  uud  the  impnlse. 
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The  noHiuls  of  tho  heart  are  two  in  number.  They  cnn  readily  be 
heard  by  applying  the  ear  over  the  cardiac  region,  when  they  are 
found  V)  be  quite  different  from  each  other  in  position,  in  tone,  and 
in  duration.  They  are  distinguished  as  the  Jirst  and  second  sounds 
of  the  heart.  Tiie  first  sound  is  heard  with  the  greatest  intensity 
over  the  anterior  surface  of  the  heart,  and  more  particularly  over 
the  fifth  rib  and  the  fifth  intercostal  space.  It  ia  long,  dull,  and 
smothered  in  tone,  and  occupies  one-half  the  entire  duration  of  a 
single  beat.  It  corresponds  in  time  with  the  impulse  of  the  heart 
in  the  precordial  region,  and  tho  stroke  of  tlie  largo  arteries  in  the 
I  immediate  vicinity  of  the  clicst.  The  second  sound  follows  imme- 
L^ately  upon  the  first.  It  is  heard  most  distinctly  at  the  situation 
Hp  the  aortic  and  pulmonary  valves,  viz.,  over  the  sternum  at  the 
I  level  of  tlie  third  costal  cartilage.  It  is  short,  sharp,  and  distinct 
io  tone,  and  occupies  only  about  one-quarter  of  the  whole  time  of 
ulsatiun.  It  ij  followed  by  an  erjual  interval  of  silence^  after 
ich  the  first  sound  again  recurs.  The  whole  time  of  a  cardiac 
Isation  may  then  l)e  divided  into  four  quarters,  of  which  the  first 
are  occupied  by  the  first  sound,  the  third  by  the  second  sound, 
Aod  ibe  fourth  by  an  interval  of  silence,  as  follows: — 
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Time  or  palAatioD. 


'  First  sound. 

Second  Boand. 
Interval  of  sileoo«. 


The  cause  of  the  second  sound  is  nniversally  acknowledged  to  ba 
the  sudden  closure  and  tension  of  the  aortic  and  pulmonary  valves. 
This  fact  is  established  by  the  following  proofs:  Ist,  this  sound  ia 
heard  with  perfect  distinctness,  as  we  have  already  mentioned, 
directly  over  the  situation  of  the  above-mentioned  valves;  2d,  the 
farther  we  recede  in  any  direction  from  this  point,  the  fainter  he- 
comes  the  sound ;  and  8d,  in  experiments  upon  the  living  animal, 
often  repeated  by  different  observers,  it  has  been  found  that  if  a 
curved  needle  be  introduced  into  the  base  of  the  large  vessels,  so 
as  to  hook  back  the  semilunar  valves,  the  second  sound  at  once  dis- 
appears, and  remains  absent  until  the  valve  is  again  liberated.  These 
valves  consist  of  fibrous  sheets,  covered  with  a  layer  of  endocardial 
epithelium.  They  have  the  form  of  semilunar  festoons,  the  free 
edge  of  which  is  directed  away  from  the  cavity  of  the  ventricle, 
while  the  attached  edge  is  fastened  to  the  inner  surface  of  the  base 
of  the  artery.  While  the  blood  is  passing  from  the  ventricle  to  the 
artery,  these  valves  are  thrown  forward  and  relaxed;  but  when  the 
artery  reacts  upon  its  contents  they  shut  back,  ami  their  fibres,  be- 
coming suddenly  tense,  yield  a  clear,  characteristic,  snapping  sound. 
The  production  of  the  first  sound  has  been  attributed  to  a 
variety  of  causes ;  such  as  the  rush  of  blood  through  the  cardiac 
orifices,  the  muscular  contraction  of  the  parietes  of  the  heart,  the 
tension  of  the  auriculo- ventricular  valves,  the  collision  of  tlie  par- 
ticles of  blood  with  each  other  and  with  the  surface  of  the  ventricles, 
&c.,  &c.  Wo  believe,  however,  with  Andry'  and  some  others,  that 
the  first  sound  of  the  heart  has,  for  the  most  part,  a  similar  origin 
with  the  second ;  and  that  it  is  dependent  mainly  on  the  closure  o/lM 
auriculo-ventricuhr  valve*.  The  reasons  for  this  oonclusion  are  the 
following :  — 

Ist.  The  second  sound  is  undoubtedly  caused  by  the  closure  of 
the  semilunar  valves,  and  in  the  action  of  the  heart  the  move- 
ments of  the  two  sets  of  valves  alternate  with  each  other  precisely 
08  do  the  first  and  second  sounds ;  and  the  sudden  tension  of  the 
valvular  fibres  is  calculated  to  produce  a  similar  effect  in  eacU 
iostancc 
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2d.  The  first  sonnd  is  beard  most  distinctly  over  the  anterior  surface 
of  the  ventricles,  where  the  tendinous  cords  supporting  the  auricnlo- 
ventricular  valves  a^^  inserted,  and  where  the  sound  produced  by 
the  tension  of  these  valves  is  most  readily  conducted  to  the  ear. 

Sd.  There  is  no  reason  to  believe  that  the  current  of  blood  through 
the  cardiac  orifices  could  give  rise  to  an  appreciable  sound,  so  long 
as  these  orifices,  and  the  cavities  to  which  they  lead,  have  their 
normal  dimensions.  An  unnatural  souffle  may  indeed  originate 
from  this  cause  when  the  orifices  of  the  heart  are  diminished  in 
size,  as  by  calcareous  or  fibrinous  deposits ;  but  in  these  instances 
the  sound  so  produced  is  an  abnormal  one,  and  different  in  charac- 
ter from  the  natural  first  sound  of  the  heart.  A  souffle  may  also 
occur  in  cases  of  aneurism;  and  a  similar  sound  may  even  be  pro- 
duced at  will  in  any  one  of  the  largo  arteries  by  pressing  firmly 
apon  it  with  the  end  of  a  stethoscope,  so  as  to  diminish  its  calibre. 
But  in  all  these  instances,  the  abnormal  sound  occurs  only  in  con- 
sequence of  a  disturbance  in  the  natural  relation  existing  between 
the  volume  of  the  blood  and  the  size  of  the  orifice  through  which  it 
passes.  In  the  healthy  heart,  the  size  of  the  different  orifices  is  in 
proportiontothequantity  of  thecirculatingfluid;  and  there  is  nomore 
reason  for  believing  that  the  passage  of  the  blood  should  give  rise  to 
I  sonnd  in  the  cardiac  cavities  than  in  the  larger  arteries  or  veins. 
4th.  The  difference  in  character  between  the  two  sounds  of  the 
leart  probably  depends,  in  great  measure,  on  the  different  arrange- 
aent  of  the  two  sets  of  valves.  The  second  sound  is  short,  sharp, 
nd  distinct,  because  the  semilunar  valves  are  short  and  narrow, 
aperficial  in  their  situation,  and  supported  by  the  dense  and 
ibrous  bases  of  the  aortic  and  pulmonary  arteries.  The  first  sound 
3  dull  and  prolonged,  because  the  auriculo- ventricular  valves  are 
rroad  and  deep-seated,  and  are  attached,  by  their  long  chordae!  ten- 
[ineae,  to  the  comparatively  soft  and  yielding  fleshy  columns  of 
he  heart.  The  difference  between  the  first  and  second  sounds  can, 
a  fact,  be  easily  imitated,  by  simply  snapping  between  the  fingers 
■wo  pieces  of  tape  or  ribbon,  of  the  same  texture  but  of  different 
engths.  (Fig.  86.)  The  short  one  will  give  out  a  distinct  and  'sharp 
lound ;  the  long  one  a  comparatively  dull  and  prolonged  sound. 

Together  with  the  first  sound  of  the  heart  there  is  also  heard  a 
friction  sound,  or  sound  of  impulsion,  produced  by  the  collision  of 
the  point  of  the  heart  with  the  parietes  of  the  chest.  This  sound, 
which  is  most  distinctly  heard  in  the  fifth  interoostal  space,  is  mjn<) 
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gled  with  the  valvular  sound  which  occurs  at  the  same  titne.  It  is 
tlilTcreut.  liowever,  in  character  from  the  latter,  and  may  usnnlly  be 
distingiiishtjti  from  it  by  careful  examination.  It  has  been  observed 
by  Prof.  Austin  Flint,'  that  it  may  be  more  or  less  completely  elimi- 
uated,  by  au.sculting  the  heart  at  a  distance  from  its  apex,  so  thai 
the -first  sound  may  then  be  heard  purely  valvular  in  quality,  and 
entirely  similar  to  the  second  sound  in  all  its  essential  cUaracterf 

Fip.  Bb. 
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Tlie  movem'^nta  of  the  heart  during  the  time  of  a  pulsation  ara 
of  a  peculiar  character,  anil  have  been   very  often  erroneously 
described.     In  fact  alt<»getiier  the  best  description  of  the  move- 
ments of  the  heart  which  lias  yet  appeared,  is  that  given  by  Wil- 
liam Harvey,  in  his  celebrated  work  on  the  }f<ftinn  of  the  ffrart  an^ 
Blood,  published  in  1628.     lie  examineil  the  motion  of  the  hearP' 
by  opening  the  chest  of  the  living  animal ;  and  though  the  same  or'' 
similar  exjx'rimenta  have  been  frequently  performetl  since  his  tiim 
the  descriptions  given  by  subsequent  observers  have  been  for  the 

most  part  singularly  inferior  to  his,  both  in  clearness  and  fidelity, * 

The  method  which  we  have  adopted  for  examining  the  motions  of"^* 
the  heart  in  the  dog  is  as  follows:     The  animal  is  first  rendenw^E--* 
insensible  by  ether,  or  by  the  inoculation  of  woorara.     The  lattc^^^ 
mode  is  preferable,  sine©  a  long-continued  etherisiation  soems  Xicz:^ 
exert  a  sensibly  depressing  effect  on  the  heart's  action,  which  '\^s=^ 
not  the  case  with   woorara.     The  trachea  is  then   exjxjsed  ant         ' 
opened  just  below  the  larynx,  and  the  nozzle  of  a  bellows  insertet-^-' 
and  secured  by  ligature.     Finally,  tbe  chest  i.*  opened  on  the  m^P"  " 
dian  line,  its  two  sides  wi<lely  sepn rated,  so  as  to  expose  the  hear"^ 
and  lungs,  the  pericardium  slit  up  and  carefully  cut  away  from  i:  -^ 
attachments,  and  the  lungs  inflated   by  insuiHation  through  y\\o 
trachea.     By  keeping  up  a  steady  artidcial  respiration,  the  movi> 

>  He»i-t-SouDd«  in   HeaUh  aa<l   DiB«&se.     Pr>t«  EsBujr  uf  ibe  .\tu«riciku  M-«ltc» 
AnBooiaiion.     Trnnsncuoni  of  1S68,  ■^.  B'.!6. 


THE    HEART.  269 

ments  of  the  heart  may  be  made  to  continue,  in  favorable  cases,  foi 
more  than  an  hour ;  and  its  actions  may  be  studied  by  direct  obser- 
vation, like  those  of  any  external  organ. 

The  examination,  however,  requires  to  be  conducted  with  certain 
precautions,  which  are  indispensable  to  success.  When  the  heart 
is  first  exposed,  its  movements  are  so  complicated,  and  recur  with 
such  rapidity,  that  it  is  difficult  to  distinguish  them  perfectly  from 
each  other,  and  to  avoid  a  certain  degree  of  confusion.  Singular 
as  it  may  seem,  it  is  even  difficult  at  first  to  determine  wlmt  periud 
in  the  heart's  pulsation  corresponds  to  contraction,  and  what  to 
relaxation  of  the  organ.  We  have  even  seen  several  medical  men, 
watching  together  the  pulsations  of  the  same  heart,  unable  to  agree 
apon  this  point.  It  is  very  evident,  indeed,  that  several  English 
tnd  continental  observers  have  mistaken,  in  their  examinations,  the 
contraction  for  the  relaxation,  and  the  relaxation  for  the  contrac* 
ion.  The  first  point,  therefore,  which  it  is  necessary  to  decide,  in 
xamining  the  successive  movements  of  a  c^mliac  pulsation,  is  the 
>lIowing,  viz :  Which  is  the  contraction  and  which  the  relaxation  of 
ke  ventricles  f  The  method  which  we  have  adopted  is  to  pass  a 
mall  silver  canula  directly  through  the  parietes  of  the  left  ven- 
ricle  into  its  cavity.  The  blood  is  then  driven  from  the  external 
rifice  of  the  canula  in  interrupted  jets ;  each  jet  indicating  the 
jno  at  which  the  ventricle  contracts  upon  its  contents.  The 
anala  is  then  withdrawn,  and  the  different  muscular  layers  of  the 
entricular  walls,  crossing  each  other  obliquely,  close  the  opening, 
0  that  there  is  little  or  no  subsequent  hemorrhage. 

When  the  successive  actions  of  contraction  and  relaxation  have 
*j  this  means  been  fairly  recognized  and  distinguished  from  each 
ther,  the  cardiac  pulsations  are  seen  to  be  characterized  by  the 
ollowing  phenomena.  The  changes  in  form  and  position  of  the 
sntlre  heart  are  mainly  dependent  on  those  of  the  ventricles,  which 
ontract  simultaneously  with  each  other,  and  which  constitute  much 
he  largest  portion  of  the  entire  mass  of  the  organ. 

1.  At  the  time  of  its  contraction  the  heart  hardens.  This  pheno- 
nenon  is  exceedingly  well  marked,  and  is  easily  appreciated  by 
>lacing  the  finger  upon  the  ventricles,  or  by  grasping  them  between 
he  finger  and  thumb.  The  muscular  fibres  become  swollen  and 
ndurated,  and,  if  grasped  by  the  hand,  communicate  the  sensation 
>f  a  somewhat  sudden  and  powerful  shock.  It  is  this  forcible  indu- 
■ation  of  the  heart,  at  the  time  of  contraction,  which  has  been  mis- 
aken  by  some  writers  for  an  active  dilatation,  and  described  as 
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such.  It  is,  however,  a  phenomenon  precisely  similar  to  that  wlicl 
takes  place  in  the  contraction  of  a  voluntary  muscle,  whi<^h  becomtf 
swollen  and  indurated  at  the  same  moment  and  in  the  same  propor- 
tion that  it  diminishes  in  length. 

2.  At  the  time  of  contraction,  the  point  of  the  heart  protrudes, 
and,  coming  in  contact  with  the  walls  of  the  chest,  produces  ik 
cardiac  impulse.  This  action  was  well  described  by  Dr.  Harvey' 
"The  heart,"  he  says,  "is  erected,  and  rises  upward  to  a  point, sc 
that  at  this  time  it  strikes  against  the  chest  and  the  pulse  is  felt  ex- 
ternally." This  phenomenon  is  due  to  an  elongation  of  the  ventri- 
cle, by  which  its  point  is  thrown  forward  at  the  same  time  that  its 
sides  are  drawn  together.  The  elongation  of  the  heart,  however, 
has  often  been  denied  by  physiological  writers.  The  only  modem 
observers,  so  far  as  we  are  aware,  who  have  recognized  its  exist- 
ence, are  Drs.  C. W. Pennock  and  Edward  M.Moore, who  perlbrmcd| 
%  series  of  very  careful  and  interesting  experiments  on  the  actioaj 
of  the  heart,  in  Philadelphia,  in  the  year  1839.*  These  experi- 
menters operated  upon  calves,  sheep,  and  horses,  by  stunning  the 
animal  with  a  blow  upon  the  head,  opening  the  chest,  and  keeping 
up  artificial  respiration.  They  observed  an  elongation  of  the  ven — 
tricle  at  the  time  of  contraction,  and  were  even  able  to  measure  it^S 
extent  by  applying  a  shoemaker's  rule  to  the  heart  while  in  activ^^ 
motion.  We  are  able  to  corroborate  the  statement  of  these  oIh— 
servers  by  the  result  of  our  ovra  experiments  on  dogs,  rabbita  an^a 
frogs.  The  appearances  presented  by  the  heart,  in  active  motiodz 
are  somewhat  modified  by  the  direction  in  which  it  is  examinec=: 
If  viewed  anteriorly,  the  right  ventricle  with  the  conus  artericzi 
BUS,  situated  over  the  front  of  the  organ,  comes  prominently  int^H 
view ;  and  its  fibres,  running  from  above  downward  and  from  riglH 
to  left,  tilt  the  apex  of  the  heart,  at  the  time  of  contraction,  diag^-^«7 
nally  forward  and  to  the  right  side.  But  if  the  heart  be  turofc-jd 
upward,  so  as  to  expose  the  posterior  surface  of  the  organ,  which  fl 
constituted  almost  altogether  by  the  left  ventricle,  the  elongati<:30 
of  its  figure,  at  the  moment  of  contraction,  may  be  distinctly  se^n. 
At  this  time,  the  sides  of  the  ventricle  approximate  each  other  awrf 
its  point  protrudes ;  so  that  the  transverse  diameter  of  the  heart  i»M 
diminished,  and  its  longitudinal  diameter  increased.  This  does  not  ■ 
appear  to  be  due  to  a  recoil  of  the  entire  heart,  but  is  a  real  elon^- 


1  Workti  of  William  ITurrej.  M.D.     SjdtnhMm  ed.,  London,  1847,  p.  SL 
*  PliilailelpbtB  Meilicul  Eitminer,  No.  44. 
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ion  of  its  figure ;  since  it  takes  place  also  when  the  base  of  tho 
>rgan  is  seized  with  a  pair  of  forceps,  at  its  junction  with  the  largo 
ireasels,  and  held  in  an  \mmoyable  position.  The  above  action  can 
dBO  be  readily  felt  by  grasping  the  base  of  the  heart  and  the  origin 
yf  tbe  large  vessels  gently  between  the  first  and  middle  fingers,  apd 
dlowing  the  end  of  the  thumb  of  the  same  hand  to  rest  lightly  upon 
tg  apex.  With  every  contraction  the  thumb  is  sensibly  lifted  and 
leparated  from  the  fingers,  by  a  somewhat  forcible  elevation  of  the 
joint  oi  the  heart. 

The  contraction  of  the  heart  is  an  active  movement,  its  relaxation 
mtirelya  passive  one.  The  difference  between  these  two  conditions 
>f  the  heart,  and  the  forcible  character  of  its  contraction,  may  be  seen 
D  the  following  manner.  If  the  heart  of  the  frog,  or  even  of  any 
mall  warm-blooded  animal,  as  the  rabbit,  be  rapidly  removed  from 
he  chesty  it  will  continue  to  beat  for  some  minutes  afterward ;  and 
rhen  the  rhythmical  pulsations  have  finally  ceased,  contractions 
an  still  be  readily  excited  by  touching  the  heart  with  the  point  of 
I  steel  needle.  If  the  heart  be  now  held  by  its  base  between  the 
humb  and  finger,  with  its  point  directed  upward,  it  will  be  seen 
0  bave  a  pyramidal  or  conical  form,  representing  very  nearly  in 
to  ontline  an  equilateral  triangle  (Fig.  86) ;  its  base,  while  in  a 
ondition  of  rest,  bulging  out  laterally,  while  the  apex  is  compara- 
LTely  obtuse. 

Fig.  86.  Fig.  87. 
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When  the  heart,  held  in  this  position,  is  touched  with  the  point 
sf  a  needle  (Fig.  87),  it  starts  up,  becomes  instantly  narrower  and 
longer,  its  sides  approximating  and  its  point  rising  to  an  acute 
angle.  This  contraction  is  immediately  followed  by  a  relaxation ; 
the  point  of  the  heart  sinks  down,  and  its  sides  again  bulge  out- 
irard. 

Let  OB  now  see  in  what  manner  this  change  in  the  figure  of  the 
rentricles  daring  contraction  is  produced.    If  the  muscular  fibres 
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of  the  heart  were  arranged  in  the  form  of 
simple  loops,  running  parallel  with  tlie 
axis  of  the  organ,  the  contraction  of  i\\&e 
fibres  would  merely  have  the  effect  of  di- 
miuishtng  the  size  of  the  heart  in  every 
direction.  This  effect  can  be  seen  in  the 
accoinj>anyiiig  hypothetical  diagram  (Fig. 
88),  where  the  white  outline  represent* 
such  simple  looped  fibres  in  a  state  of  re- 
laxation, and  the  dotted  internal  line  indi- 
cates the  form  which  they  would  take  in 
contraction.  In  point  of  fact,  however, 
noueofihemuscularfibresofthe  heart  run 
ihroQghout  parallel  to  its  longitudinal  axis.  They  are  disposed,  on 
the  contrary,  in  a  direction  partly  spiral  and  partly  circular.  The 
most  superficial  fibres  start  from  the  base  of  the  ventricles^  and  paa 
toward  the  apex,  curling  round  the  heart  in  such  a  manner  as  to 
pass  over  its  anterior  surface  in  an  obliquely  spiral  direction,  frota 
above  downward,  and  from  right  to  left.  (Fig.  89.)    They  converge 

toward  the  point  of  the  heart,  curl- 
^'8'  ^®*  ing  round  the  centre  of  its  apex,  lod 

then,  changing  their  direction,  bft- 
come  deep-seated,  run  upward  nloog 

Fig.  9U. 
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the  septum  and  internal  surface  of  the  ventricles,  and  terminat* 
in  the  columnre  carnea),  and  in  the  inner  border  of  the  auricula 
ventricular  ring.  The  deeper  layers  of  fibres,  on  the  contrary,  are 
wrapped  round  the  ventricles  in  a  nearly  circular  direction  (Fig. 
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eir  points  of  origin  and  attachment  being  still  tlie  aiiriculo- 
lular  ring,  and  tUe  points  of  the  fleshy  columns.  The  entire 
ement  of  the  muscular  bundles  may  be  readily  seen  in  a 
'hich  has  been  boiled  for  six  or  eight  hours,  so  as  to  soften 
necting  areolar  tissue,  and  enable  the  fibrous  layers  to  be 
iseparated  from  each  other. 

the  greater  part  of  the  mass  of  the  fibres  have  therefore 
liar  instead  of  a  longitiidinal  direction.  When  they  contract, 
ition  tends  to  draw  the  lateral  walls  of  the  ventricles  together, 
[US  to  diminish  the  transverse  diameter  of  the  heart ;  but  as 
uscular  fibre  becomes  thickened  in  direct  proportion  to  its 
Btion,  their  combined  lateral  swelling  necessarily  pushes  out 
X  of  the  ventricle,  and  the  heart  elongates  at  the  same  time 
sides  are  drawn  together.  Tliis  effect  is  illustrated  in  the 
)anying  diagram  (Fig.  91).  where  the  white  lines  show  the 
of  the  heart  during  relaxation,  with  the  course  of  its  circular 
while  the  dotted  line  shows  the  narrowed  and  elongated 
tiecessarily  producetl  by  their  contraction.  This  phenomenon, 
therefore,  of  the  j^rotrusion  of  the  a|K'X 
of  the  heart  at  the  time  of  contraction,  is 
not  only  fully  established  by  observation, 
but  is  readily  explained  by  the  anatomical 
structure  of  the  organ. 

8.  Simultaneously  with  the  hardening 
and  elongation  of  the  heart,  its  apex  moves 
slightly  from  left  to  right,  and  rotates  als(.> 
upon  its  own  axis  in  the  same  direction. 
Both  these  movements  result  from  the 
peculiar  spiral  arrangement  of  the  cardiac 
fibres.  If  we  refer  again  to  the  preceding 
diagrams,  we  shall  see  that,  provided  the 
fibres  were  arranged  in  simple  longitudi- 
nal loops  (Fig,  88),  their  contraction  would 
have  the  effect  of  drawing  the  point  of  the  heart  directly 
d  in  a  straight  line  toward  its  base.  On  the  other  hand,  if 
ere  arranged  altogether  in  a  circular  direction  (Fig.  91), 
pex  would  be  simply  protruded,  also  in  a  direct  line, 
;t  deviating,  or  twisting  either  to  the  right  or  to  the  left, 
point  of  fact,  the  superficial  fibres,  as  we  have  already  de- 
,  run  spirally,   and,  curling  round  the  point  of  the  heart. 

iward  toward  its  base ;  so  that  if  the  apex  of  the  organ  be 
18 
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viewed  externally,  it  will  be  seen  that  the 
verge  toward  its  central  point  in  curved 
lines,  as  in  Fig.  92.  It  is  well  known  that 
every  curved  muscular  fibre,  at  the  time  of 
its  shortening,  necessarily  approximates 
more  or  less  to  a  straight  line.  Its  curva- 
ture is  diminished  iu  exact  proportion  to  the 
extent  of  itn  contraction ;  and  if  arranged 
in  a  spiral  form,  its  contraction  tends  iu  the 
same  degree  to  untwist  the  spiral.  During 
the  contraction  of  the  heart,  therefore,  its 
upex  rotates  on  its  own  axis  in  the  direction 
indicated  by  the  arrows  in  Fig.  92,  viz.,  from 

left  to  right  anteriorly,  and  from  right  to  left  posteriorly.  Thii 
pro<luces  a  twisting  movement  of  the  apex  in  the  above  direction, 
which  is  very  perceptible  to  the  eye  at  each  pulsation  of  the  heart, 
when  exposed  in  the  living  animal, 

4.  The  protrusion  of  the  point  of  the  heart  at  the  time  of  con- 
traction, together  with  its  rotation  upon  its  axis  from  left  to  righL, 
brings  the  apex  of  the  organ  in  contact  with  the  parietes  of  ih 
chost.  and  protluces  the  shock  or  impulse  of  the  heart>  which  i 
readily  perceptible  externally,  both  to  the  eye  and  to  the  touch  -a^- 
In  the  human  subject,  when  in  an  erect  position,  the  heart  strike*^  ^=s« 
the  chest  in  the  fifth  intercostal  spuee,  midway  between  the  edg««  ^ 
of  the  sternum  and  a  line  drawn  perpendicularly  through  the  lefS^^'it 
nipple.    In  a  supine  position  of  the  body,  the  heart  falls  away  fron""^*!! 
the  anterior  parietes  of  the  chest  so  much  that  the  impul.>*e  ma_  ^^V 
disappear  for  the  time  altogetlier.     This  alternate  recession  an-^^md 
advance  of  the  point  of  the  heart,  in  relaxation  and  contmctiu—   —a 
is  provided  for  by  the  nnat4>niical  arrangement  of  the  pericardiurr — n. 
and  the  existence  of  the  pericardial  lluid.     As  the  heart  plays  bac     3'- 
ward   and    forward,   the   pericardial   fluid   constantly    follows  3  i* 
movements,  receding  as  the  heart  advances,  and  advanciug  as  C%Je 
heart  recedes.     It  fulfils,  in  this  respect,  the  same  purpose  ast7it' 
synovial  fluiil,  and  the  folds  of  adipose  tissue  in  the  cavity  of  tlie 
large  articulations ;  and  allows  the  cnnliao  movements  to  take  plaoc 
lit  their  full  extent  without  disturbing  or  injuring  in  any  way  the 
adjacent  organs. 

5,  The  rhythm  of  the  heart's  pulsations  is  peculiar  and  somewhat 
complicated.  Each  pul.safi<m  i.s  made  up  of  a  double  series  of  con- 
tractions and  rcl:ixations.     The  two  auriclvis  «  ontraci  together,  and 
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afterward  the  two  ventricles ;  and  in  eaoh  case  the  contraction  is 
immediately  followed  by  a  relaxation.  The  auricular  contraction 
la  short  and  feeble,  and  occupies  the  first  part  of  the  time  of  a 
pl|da|tk>n.  The  ventricular  contraction  is  longer  and  more  powerful, 
<if4..0ociipies  the  latter  part  of  the  same  period.  Following  the 
Tqptrieolar  contraction  there  comes  a  short  interval  of  repose,  after 
ulniRlL  the  auricular  contraction  a^rains  recurs.  The  auricular  and 
Tvotnealar  contractions,  however,  do  not  alternate  so  distinctly 
^^^j^Mlh. other  (like  the  strokes  of  tM  o  pistons)  as  we  should  be 
Itn.tQ  believe  from  the  accounts  which  have  been  given  by  some 
otwervers.  On  the  contrary,  they  are  connected  and  continuous. 
The  contraction,  which  commences  at  thp  auricle,  is  immediately 
propa^ted  to  the  ventricle,  and  runs  rapidly  from  the  base  of  the 
heart  to  its  apex,  very  much  in  the  manner  of  a  periataltic  motion, 
except  that  it  is  more  sudden  and  vigorous. 

William  Harvey,  again,  gives  a  better  account  of  this  part  of  the 
heart's  action  than  has  been  published  by  any  subsequent  writer. 
The  following  exceedingly  graphic  and  appropriate  description, 
taken  from  his  book,  shows  that  he  derived  his  knowledge,  not 
firom  any  secondary  or  hypothetical  sources,  but  from  direct  and 
careful  study  of  the  phenomena  in  the  living  animal. 

"First  of  all,"  he  says,'  "the  auricle  contracts,  and  in  the  course 
of  its  contraction  throws  the  blood  (which  it  contains  in  ample 
quantity  as  the  head  of  the  veins,  the  storehouse  and  cistern  of  the 
blood)  into  the  ventricle,  which  being  filled,  the  heart  raises  itself 
straightway,  makes  all  its  fibres  tense,  contracts  the  ventricles,  and 
performs  a  beat,  by  which  beat  it  immediately  sends  the  blood 
suppHed  to  it  by  the  auricle,  into  the  arteries ;  the  right  ventricle 
aending  its  charge  into  the  lungs  by  the  vessel  which  is  called  vena 
arteriosa,  but  which,  in  structure  and  function,  and  all  things  else, 
is  an  artery ;  the  left  ventricle  sending  its  charge  into  the  aorta, 
and  through  this  by  the  arteries  to  the  body  at  large. 

"  These  two  motions,  one  of  the  ventricles,  another  of  the  auricles, 
take  place  consecutively,  but  in  such  a  manner  that  there  U  a  kind 
of  harmony  or  rhythm  preserved  between  them,  the  two  concurring 
in  such  wise  that  but  one  motion  is  apparent,  especially  in  the 
warmer  blooded  animals,  in  which  the  movements  in  question  are 
n^id.  Nor  is  this  for  any  other  reason  than  it  is  in  a  piece  of 
machinery,  in  which,  though  one  wheel  gives  motion  to  another, 

»  Op.  oit.,  p.  31. 
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yet  all  the  wheels  seem  to  move  siniultaneoxisly ;  or  in  that 
mechanical  contrivance  which  is  adapted  to  fire-arms,  where  the 
trigger  being  touched,  down  comes  the  flint,  strikes  against  the 
steel,  elicits  a  spark,  which  falling  among  the  powder,  it  is  ignited, 
upon  which  the  flame  extends,  enters  the  harrel,  causes  the  explo- 
sion, propels  the  ball,  and  the  mark  is  attained ;  all  of  which  inci- 
dents, bj  reason  of  the  celerity  with  which  they  happen,  seem  to 
take  place  in  the  twinkling  of  an  eye." 

The  above  description  indicates  precisely  the  manner  in  which 
the  contraction  of  the  ventricle  follows  successively  and  yet  oon- 
tinnously  upon  that  of  the  auricle.  The  entire  action  of  the  auricles 
and  ventricles  during  a  pulsation  is  accordingly  as  follows:  The 
contraction  begins,  as  we  have  already  stated,  at  the  auricle. 
Tbence  it  runs  immediately  forward  to  the  apex  of  the  heart.  The 
entire  ventricle  contracts  vigorously,  its  walls  harden,  its  apex 
protrudes,  strikes  against  the  walls  of  the  chest,  and  twists  from 
left  to  right,  the  auriculo-ventricular  valves  shut  back,  the  first 

ind  is  produced,  and  the  blood  is  driven  into  the  aorta  and 
pulmonary  artery.  These  phenomena  occupy  about  one-half  the 
time  of  an  entire  pulsation.  Then  the  ventricle  is  immediately  ^^^ 
relaxed,  and  a  short  period  of  repose  ensues.  During  this  periodflEiad 
the  blood  flows  in  a  steady  stream  from  the  large  veins  into  tb^^^  jC 
auricle,  and  through  the  auriculo-ventricular  orifice  into  the  ven-  .ven- 
tricle; filling  the  ventricle,  by  a  kind  of  passive  dilatation,  abou^-«^t 
two-thirds  or  three-quarters  full.  Then  the  auricle  contracts  with  ^  a 
quick  sharp  motion,  forces  the  last  drop  of  blood  into  the  ventricle^^  Je. 
distending  it  to  its  full  capacity,  and  then  the  ventricular  contractioi^-^^i 
follows,  as  above  described,  driving  the  blood  into  the  large  artcrie^ai. '*''' 
These  movements  of  contraction  and  relaxation  continue  to  alter"^c  -r> 
nate  with  each  other,  and  form,  by  their  recurrence,  the  successivi 
cardiac  pulsations. 


P 


THE   ARTERIES  AND  THE   ABTKBIAL  CIRCULATION, 

The  arteries  are  a  series  of  branching  tubes  which  commeno^ 
with  the  aorta  and  ramify  throughout  the  body,  distributing  the 
blood  to  all  the  vascular  organs.  They  are  composed  of  three 
coats,  viz:  an  internal  homogeneous  tunic,  continuous  with  the 
endocardium ;  a  middle  coat,  composed  of  elastic  and  muscular 
fibres;  and  an  external  or  "cellular'  coat,  composed  of  condensed 
lavcrs  of  areolar  ti.ssue.    The  essential  anatomical  difference  be- 
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w^een  the  larger  and  the  smaller  arteries  consists  in  the  structure 
f  their  middle  coat.  In  the  smaller  arteries  this  coat  is  composed 
xclusively  of  smooth  muscular  fibres,  arranged  in  a  circular  man- 
er  around  the  vessel,  like  the  circular  fibres  of  the  muscular  coat 
f  the  intestine.  In  arteries  of  medium  size  the  middle  coat  con- 
tins  both  muscular  and  elastic  fibres;  while  in  those  of  the  largest 
tilibre  it  consists  of  elastic  tissue  alone.  The  large  arteries,  ac- 
ordingly.  possess  a  remarkable  degree  of  elasticity  and  little  or  no 
ontractility ;  while  the  smaller  are  contractile,  and  less  distinctly 
lastic 

It  is  found,  by  measuring  the  diameters  of  the  successive  arte- 
ial  ramifications,  that  the  combined  area  of  all  the  branches  given 
)ft*  from  a  trunk  is  somewhat  greater  than  that  of  the  original 
ressel ;  and  therefore  that  the  combined  area  of  all  the  small  arte- 
•iea  must  be  considerably  larger  than  that  of  the  aorta,  from  which 
hey  originate.  As  the  blood,  consequently,  in  its  passage  from  the 
leart  outward,  flows  successively  through  larger  and  larger  spaces, 
he  rapidity  of  its  circulation  must  necessarily  be  diminished,  in  the 
ame  proportion  as  it  recedes  from  the  heart.  It  is  driven  rapidly 
brough  the  larger  trunks,  more  slowly  through  those  of  medium 
ize,  and  more  slowly  still  as  it  approaches  the  termination  of  the 
irterial  system  and  the  commencement  of  the  capillaries. 

The  movement  of  lite  blood  tfiTOugh  the  arteries  is  primarily  caused 
)y  the  contractions  of  the  heart;  but  it  is,  at  the  same  time,  regulated 
and  modified  by  the  elasticity  of  the  vessels.  The  mode  in  which 
the  arterial  circulation  takes  place  is  as  follows.  The  arterial  sys- 
tem is,  as  we  have  seen,  a  vast  and  connected  ramification  of  tubular 
canals,  which  may  be  regarded  as  a  great  vascular  cavity,  divided 
and  subdivided  from  within  outward  by  the  successive  branching 
of  its  vessels,  but  communicating  freely  with  the  heart  and  aorta 
it  one  extremity,  and  with  the  capillary  plexus  at  the  other; 
uid  this  vascular  system  is  filled  everywhere  with  the  circulating 
fluid.  At  the  time  of  the  heart's  contraction,  the  muscular  walls  of 
;.he  ventricle  act  powerfully  upon  its  fluid  contents.  The  auriculo- 
irentricular  valves  at  the  same  time  shutting  back  and  preventing 
:be  blood  from  regurgitating  into  the  auricle,  it  is  forced  out 
.hrough  the  aortic  orifice.  A  charge  of  blood  is  therefore  driven 
nto  the  arterial  ramifications,  distending  their  walls  by  the  addi- 
ional  quantity  of  fluid  forced  into  their  cavities.  When  the  ven- 
ricle  immediately  aflerw^ard  relaxes,  the  active  distending  force  ia 
)ved ;  and  the  elastic  arterial  walls,  reacting  upon  their  contents, 


would  force  the  blood  back  again  into  the  hej 
semilunar  valves,  whicU  abut  together  and  close  the  aortic  orifice. 
The  blood  is  therefore  urged  onward,  under  the  pressure  of  the 
arterial  elasticity,  into  the  capillary  system.  When  the  arteries 
have  thus  again  partially  emptied  themselves,  and  returned  to  their 
original  dimensions,  they  are  again  distended  by  another  contractioa 
of  the  heart.  In  this  mauner  a  succession  of  impulses  or  distensions 
is  pPfKiuced,  which  alternates  with  the  reaction  or  subsidence  of  the 
vessels,  and  which  can  be  felt  throughout  the  body,  wherever  the 
arterial  ramifications  penetrate.  This  phenomenon  is  known  hy 
the  name  of  the  arterial  pulse. 

When  the  blood  is  thus  driven  by  the  cardiac  pulsations  into  the 
arteries,  the  vessels  are  not  only  distended  laterally,  but  are  elongated 
as  well  as  wiilened,  and  enlarged  in  every  direction.  Particularly 
when  the  vessel  takes  a  curved  or  serpentine  course,  its  elongation 
and  the  increase  of  its  curvatures  may  be  observed  at  every  pulsa- 
tion. This  may  be  seen,  for  example,  in  the  temporal,  or  even 
in  the  radial  arteries,  in  emaciated  pcrson-s.  It  is  also  very  well 
seen  in  the  mesenteric  arteries,  when  the  abdomen  is  opened  in  the 
living  animal.  At  every  contraction  of  the  heart  the  curves  of 
the  artery  on  each  side  become  more  strongly  pronounced.  (Fig. 
9y.)  The  vessel  even  rises  up  partially  out  of  its 
bed,  particularly  where  it  runs  over  a  bony  sur- 
face, as  in  the  case  of  the  radial  artery.  In  old 
persons  the  curves  of  the  vessels  become  permri- 
nently  enlarged  from  frequent  distension ;  and  all 
the  arteries  tend  to  assume,  Avith  the  advance  of 
age,  a  more  serpentine  and  even  spii-al  course. 

But  the  arterial  pulse  has  certain  other  pecu- 
liarities which  deserve  a  special  notice.  In  the 
first  jilace,  if  we  place  one  finger  ujion  the  che.st 
at  the  situation  of  the  apex  of  the  heart,  and  an- 
other u|>(>n  the  carotid  artery  at  the  middle  of 
the  neck,  we  can  distinguish  little  or  no  dilTerenoe 
in  time  lietween  the  two  impulses.  The  disten- 
sion of  the  carotid  seems  to  take  place  at  the 
Bame  instant  with  the  contraction  of  the  heart. 
But  if  the  second  finger  be  placed  upon  the  temporal  artery,  instead 
of  the  carotid,  there  is  a  perceptible  interval  between  the  two  beats. 
The  impulse  of  the  temporal  artery  is  felt  to  be  a  little  later  than 
that  of  the  heart.  In  the  same  way  the  pulse  of  the  radial  artery  M 
the  wrist  siiems  a  little  later  than  that  of  the  carotid,  and  that  of  th« 
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posterior  tibial  at  the  ankle  joint  a  little  later  than  that  of  the  radial. 
So  that,  the  greater  the  distance  from  the  heart  at  which  the  artery 
is  ezamlDed,  the  later  is  the  pulsation  perceived  by  the  finger  laid 
upon  the  vessel. 

But  it  has  been  conclusively  shown,  particularly  by  the  investi- 
gations of  M.  Marey,'  that  this  difference  in  time  of  the  arterial 
pulsations,  in  different  parts  of  the  body,  is  rather  relative  than 
absolute.  By  the  contraction  of  the  heart,  the  impulse  is  commu- 
nicated at  the  same  instant  to  all  parts  of  the  arterial  system ;  but 
the  apparent  difference  between  them,  in  this  respect,  depends  upon 
the  £etct,  that,  although  all  the  arteries  begin  to  be  distended  at  the 
Mune  moment,  yet  those  nearest  the  heart  are  distended  suddenly 
and  rapidly,  while  for  those  at  a  distance,  the  distension  takes  place 
more  slowly  and  gradually.  Thus  the  impulse  given  to  the  finger, 
which  marks  the  condition  of  maximum  distension  of  the  vessel, 
occurs  a  little  later  at  a  distance  from  the  heart,  than  in  its  imme- 
diate proximity. 

This  modification  of  the  arterial  pulse  is  produced  in  the  follow* 
ing  way : — 

The  contraction  of  the  left  ventricle  is  a  brisk,  vigorous  and 
sadden  motion.  The  charge  of  blood,  thus  driven  into  the  arterial 
system,  meeting  with  a  certain  amount  of  resistance  from  the  fluid 
alieady  filling  the  vessels,  does  not  instantly  displace  and  force 
ODWard  a  quantity  of  blood  equal  to  its  own  mass,  but  a  certain 
proportion  of  its  force  is  used  in  expanding  the  distensible  walls 
of  the  vessels.  In  the  immediate  neighborhood,  therefore,  the 
expansion  of  the  arteries  is  sudden  and  momentary,  like  the  con- 
tMMplNA  d  the  heart  itself.  But  this  expansion  requires  for  its 
^iHjitKplktioti  a  certain  expenditure,  both  of  force  and  time ;  so  that 
distance  iarther  on,  the  vessel  is  neither  distended  to  the 
nor  with  the  same  rapidity.  At  the  more  distant 
raooordingly,  the  arterial  impulse  is  less  powerful  and  arrives 
slowly  at  its  maximum. 

On  the  other  hand,  when  the  heart  becomes  relaxed,  the  artery 
in  its  immediate  neighborhood  contracts  upon  the  blood  by  its  own 
elasticity;  and  as  its  contraction  at  this  time  meets  with  no  other 
resistance  than  that  of  the  blood  in  the  smaller  vessels  beyond,  it 
drives  a  portion  of  its  own  blood  into  them,  and  thus  supplies  these 
vessels  with  a  certain  degree  of  distending  force  even  in  the  inter- 

^  Journal  do  la  Pbysiolojls.    Paris.  April,  1869. 


vals  of  tbe  heart's  action.  Thus  tbe  diflFereuce  in  size  of  the  carutid 
artery,  at  the  two  periods  of  the  heart's  contraction  and  its  relaxa- 
tion, is  very  marked ;  for  the  degree  of  its  distension  is  great  when 
t{»e  heart  contracts,  and  its  own  reaction  aflerward  empties  it  of 
blood  to  a  very  consicicrable  extent.  But  in  the  small  branches  of 
the  radial  or  ulnar  artery,  there  is  less  distension  at  tbe  time  of  tbe 
eardiac  contraction,  because  this  force  has  been  partly  expended  in 
overcoming  the  elasticity  of  the  larger  vessels;  and  there  is  leas 
emptying  of  the  vessel  allerward.  because  it  is  still  kept  partially 
filled  by  the  reaction  of  the  aorta  and  its  larger  branches.  In  other 
words,  there  is  progressively  less  variatioo  in  size,  at  the  periods  of 
distcn-sion  and  collapse,  for  the  suiiillcr  and  distant  arteries  than  for 
those  which  are  larger  and  nearer  the  heart. 

M.  Marey  has  illustrated  these  facts  by  an  exceedingly  ingenious 
and  efFectual  coutrivaaec.  tie  attached  to  the  pipe  of  a  small  forcing 
pump,  to  be  worked  by  alternate  strokes  of  the  piston,  a  long  elastic 
tube  open  at  the  farther  extremity.  At  different  points  upon  this 
tube  there  rested  little  movable  levers,  wliich  were  raised  by  the 
distension  of  the  tube  whenever  water  was  driven  into  it  by  the 
forcing  pump.  Each  lever  carried  upon  its  extremity  a  small  ]ien- 
cil,  which  marked  upon  a  strip  of  paper,  moving  with  uniform 
rapidity,  the  lines  pn>duced  by  iL*?  alternate  elevation  and  depresision. 
By  these  curves,  therefore,  both  the  extent  and  rapidity  of  distension 
of  difterent  parts  of  the  elastic  tube  were  accurately  registered. 
The  curves  thus  produced  are  as  follows:— 


4 
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Fig.  94. 
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1.  Nwur  Iha  dKUiadlnc  forca.    2.  At  a  dliUDC*  nxiin  it.    S.  BUH  fartbsr  nmorwA. 

It  will  be  seen  that  the  whole  time  of  pulsation  is  everywhere  of 
equal  length,  and  that  the  distension  everywhere  begins  at  the  same 
moment.  But  at  the  beginning  of  the  tube  the  expansion  is  wide 
and  sudden,  and  occupies  only  a  sixth  part  of  the  entire  pulsation, 
while  all  the  rest  is  taken  up  by  a  alow  reaction.     At  the  more 
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remote  points,  however,  the  period  of  expansion  becomes  longer 
and  that  of  collapse  shorter ;  until  at  3  the  two  periods  are  com- 
jjletely  equalized,  and  the  amount  of  expansion  is  at  the  same  time 
reduced  one-half.  Thus,  the  farther  tlie  blood  passes  from  the  heart 
outward,  ihe  more  uniform  is  ita  flow,  and  the  more  moderate  the 
distension  of  the  arteries. 

Owing  to  the  alternating  contractions  and  relaxations  of  the  heart, 

rdingly,  the  blood  passes  through  the  arteries,  not  in  a  steady 

'stream,  but  in  a  series  of  welling  impulses;  and  the  hemorrhage 

from  a  wounded  artery  is  readily  diHtinguished  from  venous  or 

capillary  hemorrhage  by  the  fact  that  the  blood  flows  in  successive 

ets,  as  well  as  more  rapidly  and  abundantly.     If  a  puncture  be 

lade  in  the  walls  of  the  ventricle,  and  a  slender  canula  introduced, 

the  flow  of  the  blood  through  it  ia  seen  to  be  entirely  intermittent. 

strong  jet  takes  place  at  each  ventricular  contraction,  and  at  each 
laxalion  the  flow  i.s  completely  interrupted.  If  the  puncture  be 
made,  however,  in  any  of  the  large  arteries  near  the  heart,  the  flow 
of  blood  through  the  orifice  is  no  longer  intermittent,  but  is  con- 
tinuous ;  only  it  is  very  much  stronger  at  the  time  of  ventricular 
contraction,  and  dimiiiishea,  though  it  does  not  entirely  cease,  at 
the  time  of  relaxation.  If  the  bluijtl  were  driven  through  a  series 
of  perfectly  rigid  and  unyielding  tubes,  its  flow  would  bo  every- 
where intermittent;  ami  it  would  be  delivered  from  an  orifice  situ- 
ated at  any  point,  in  perfectly  interrupted  jets.  But  the  arteries 
are  yielding  and  elastic;  and  this  elasticity,  as  we  have  already 
explained,  moderates  the  force  of  the  separate  arterial  pulsations, 
and  gradually  fuses   them  with  each  other.    The  interrupted  or 

rBulsating  character  of  the  arterial  current,  therefore,  which  is 
Itroagly  pronounced  in  the  imn^ciliate  vicinity  of  the  heart,  becomes 
gmdnaUy  lost  and  et"jualized,  during  its  passage  tlirough  the  vessels, 
antil  in  the  smallest  arteries  it  is  nearly  imperceptible. 
The  flame  eft'ect  of  an  elastic  medium  in  equalizing  the  force  of 
an  interrupted  current  may  be  shown  by  fitting  to  the  end  of  a 
common  syringe  a  long  glass  or  metallio  tube.  Whatever  be  the 
length  of  the  inelastic  tubing,  the  water  which  is  thrown  into  one 
extremity  of  it  by  the  syringe  will  be  delivered  from  the  other  end 
in  distinct  jets,  corresponding  with  the  strokes  of  the  piston ;  but  if 
the  metallic  tube  be  replaced  by  one  of  India  rubber,  of  sufficient 
length,  the  elasticity  of  this  substance  merges  the  force  of  the  sepa- 
rate impulses  into  each  other,  and  the  water  is  driven  out  from  the 
farther  extremity  in  a  continuous  stream. 
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The  elasticity  of  the  arteries,  however,  never  entirely  equalize-— 
the  force  of  the  separate  cardiac  pulsations,  since  a  pulsating  cb 
Tauter  can  be  seen  in  the  flow  of  the  blood  tlirough  even  the  smal 
arteries,  under  the  microscope  ;  but  this  pulsating  character  dimi- 
nishes very  considerably  from  the  heart  outward,  and  the  currenW 
becomes  much  more  continuous  in  the  smaller  vesischi  than  in  tbs 
larger  arteries  or  those  of  medium  size. 

M.  Marey  has  still  further  developed  his  contrivance  of  a  move —  us- 
able lever,  registering  its  own  oscillations,  in  such  a  manner  tbaV~  — t 
it  may  be  adapted  to  any  of  the  superficial  arteries  in  the  livings:sgr 
body.     The  instrument  thus  perfected  is  the  spliygmngraph.     IW'  Zi 
consists  of  a  small  ivory  plate  which  presses  gently  upon  the  arter 
by  means  of  a  fine  spring,  and  which  thus  rises  and  falls  with  eac! 
alternate  expansion  and  collapse  of  the  arterial  tube.  ■  The  raotio 
of  the  ivory  plate  is,  in  its  turn,  communicated  to  a  vertical  me 
lie  rod,  which  touches  the  under  surface  of  the  horizontal  re| 
tering  lever  near  its  attached  extremity.    The  oscillating  extremit*"^  r 
of  the  lover,  when  the  instrument  is  in  operation,  thus  follows  th    ^ae 
movements  of  the  ivory  plate,  and  registers  faithfully  upon  th— ^«e 
strip  of  paper,  the  frequency  and  form  of  the  arterial  pulsations.        ^H 

The  advantage  of  this  instrument  is,  that,  in  the  first  place,  tl^^^tf^^ 
length  of  the  lever  nia<4nifius  to  the  eve  the  extent  of  the  arteri 


oscillations,  and  thus  enables  us  to  perceive  movements  too  delica^^>< 
to  be  distinguished  by  the  touch  alone;  and,  secondly,  that,  eac^Ti 
part  of  the  pulsations  being  pernmnenily  registered  upon  paper,  th^e 
most  rapid  and  evanescent  changes  iu  the  form  of  the  artery  m^^ 
be  afterward  studied  at  leisure,  and  compared  with  each  other. 

By  the  use  of  the  sphygmograph  it  is  shown,  that,  while  th< 
is  a  general  resemblance  in  the  form  of  pulsation  of  diiTercnt  arfc-^— 
riea,  nearly  every  vessel  to  which  the  instrument  can  be  appli^»^^ 
presents  certain  peculiarities  dependent  on  its  size,  position,  aC^^^ 
distance  from  the  heart.     In  the  radial  artery  at  the  wrist,  ea-*::^'^ 
pulsation  consists  of  a  sudden  expansion  of  the  veaaelf  indicated  ft:^^ 
a  rapid  upward  movement  of  the  lever,  making,  in  the  traoe^v^      ^ 
straight,  nearly  vertical    line.     This   is  followed  by   a  gradi^s^**^ 
descent  of  the  lever,  accompanying  the  systole  of  the  arterv,  uim'fc^ 
it  reaches  the  lowest  point  of  the  traoe,  when  the  movement    o^ 
ascension  again  takes  place,  and  so  on  alternatelj.    The  line    o^ 
descent,  however,  is  nt>t  straight,  like  that  of  aaoension,  bob   '-^ 
almost  always  marked  by  one.  and  sometimes  two  or  even  thre^ 
alight  undulations,  giving  it  a  wavy  character,  and  indicating  m 
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ponding  variation  in  the  tension  of  the  artery  during  the 
of  its  systole.  (Fig.  95.) 


Fig.  96. 


Tbaoi  or  THB  Radial   P  d  l  a  i,  teken  b;  U>e  EphjrgmogrBph. 

are  can  be  no  doubt  that  the  undulations  in  the  line  of  descent 

16  to  an  oscillation  in  the  mass  of  the  bloo<l,  subsequent  to 

pulse  by  the  heart,  and  during  the  reaction  of  the  arterial 

1.     Marey  hag  shown,  by  a  seriea  of  well-conducted  experi' 

1^^  that  similar  oscillations  are  produced  when  any  incompres- 

liquid  is  driven  by  a  sudden  impulse  into  an  elastic  tube ;  and 

hese  oscillations  are  indicated  by  a  similar  movement  of  the 

of  the  sphygmograph  applied  to  its   surface.     When  the 

B  impulse  is  moderate,  and  the  tension  of  the  arterial  system 

developed,  the  undulations  in  the  descending  lino  of  the  pulse 

lly  slightly  perceptible;  but  when  the  heart's  impulse  is  more 

and  the  arterial  tension  diminished,  the  undulations  become 

marked.     Marey  found  that  he  could  procure  upon  his  own 

traces  of  different  form,  in  this  respect,  by  simply  increasing 

(oaperaturo  of  the  body  by  the  addition  of  warmer  clothing. 

llowing  (Figs.   96,   97,   98),  are  three  traces  of  the  radial 


Fig 
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IBiyBm^B 

Fig.   98. 


AVtoiri  or  tHB  BibiAti  FDii*a,«Bd<rtlMlatai  <  nipnatora;  after ftfarsy. 

Ivny,     Fhjrsiologie  m^Jioale  de  U  oirculatioD  da  Rang.     Parii,  1P03,  p.  206. 
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pulse  obtained  in.  this  way,  by  increasing  the  quantity  of  clothing 
at  intervals  of  twenty  minutes. 

In  certain  diseased  conditions,  accompanied  by  rapid  pulsation  of 
the  heart  with  greatly  diminished  arterial  tension,  the  rebound  or 
oscillation  of  the  artery  becomes  so  marked,  in  proportion  to  tlie 
original  impulse,  that  it  is  easily  perceived  by  the  finger,  and  thua 
the  pulse  is  apparently  reduplicated ;  that  is,  there  are  two  pulsa- 
tions of  the  artery  for  each  contraction  of  the  heart,  viz.:  one  due 
to  the  original  impulse,  and  another  due  to  the  oscillation  of  the 
blood  in  the  feebly  distended  artery.     This  is  the  dicrotic  pulse 
which  is  often  present  in  diseases  of  a  typhoid  character. 

Fig.  99. 


DicaoTic  PnLes  orTTFnoiD  Px  t  duo  «U :  mAer  Marty. 
Fig.  100. 
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BiCROTio  Pi'tat  or  Ttrooie  r  K  v  i  k  ;  olUr  Harvj. 

It  ia  evident  that  the  dicrotic  character  of  the  pulse  is  not,  in 
reality,  peculiar  to  diseased  condilioiis,  since  the  sphygraograph 
shows  that  it  exists  more  or  less  perfectly  in  a  state  of  health;  only 
it  is  usually  too  slight  in  degree  to  be  appreciated  by  the  finger. 

Koschlakoff '  has  also  succeeded  in  verifying  the  results  obtained 
from  the  sphygmograph,  and  in  demonstrating  the  mechanism  of 
the  dicrotic  pulse.  He  shows  that  if  a  liquid  be  driven  by  a  rapid 
impulse  through  an  elastic  tube,  which  is  connected  with  two  pres> 
sure  gauges,  one  near  the  point  of  entrance  of  the  liquid,  the  other 
near  its  point  of  exit,  the  liquid  will  rise  in  the  first  gauge  before 
the  increased  pressure  reaches  the  second;  that  it  then  falls,  while 
the  second  is  rising,  and  again  rises  while  the  second  falls;  show* 
ing  an  alternate  increase  and  diminution  of  pressure  in  the  twofl 
extremities  of  the  elastic  tube.  This  alternation  continues  until 
the  pressure  is  equalized  throughout,  or  until  the  tuba  is  agaia 
distended  by  a  new  impulse. 

The  primary  cause,  therefore,  of  the  motion  of  the  blood 
i  Id  Lorain,  Etaues  ao  Midecine  cliai^ue.     Ptria,  1670,  pft{«  76. 
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arteries  is  the  contraction  of  tbe  heart,  which,  by  driving  out  the 

blood  in  interrupted  impulses,  distends  at  every  stroke  the  whole 

arterial  system.     But  the  arterial  pulse  is  not  exactly  synchronous 

everywhere  with  the  beat  of  the  heart ;  since  a  certain  amount  of 

time  is  required  to  propagate  the  blood-wave  from  the  centre  of 

the  circulation  outward.     The  pulse  of  the  radial  artery  at  the 

wnst  is  perceptibly  later  than  that  of  the  heart ;  and  the  pulse  of 

the  posterior  tibial  at  the  ankle,  again,  perceptibly  later  than  that 

at  the  wrist.     The  arterial  circulation,  accordingly,  is  not  an  en- 

1  tirely  simple  phenomenon ;  but  is  made  up  of  the  combined  effects 

of  two  different  physical  forces.     It  is  due,  in  the  first  place,  to  the 

intermittent  action  of  the  heart,  by  which  the  blood  is  driven  in 

►  successive  impulses  from  within  outward;  and,  secondly,  to  the 

I  elasticity  of  the  entire  arterial  system,  by  which  it  is  subjected  to 

I  an  unceasing  pressure,  during  the  relaxation  as  well  as  during  the 

contractioa  of  the  heart. 

The  passage  of  the  blood  through  the  arterial  system  takes  place, 
accordingly,  everywhere  under  a  certain  degree  of  pressure.  For 
these  vessels  being  everywhere  elastic,  and  filled  with  blood,  they 
constantly  tend  to  react,  more  or  less  vigorously,  and  to  compress 
the  circulating  fluid  which  they  contain.  If  any  one  of  the  arteries, 
accordingly,  be  opened  in  the  living  animal,  and  a  glass  tube  in- 
serted, the  blood  will  immediately  be  seen  to  rise  in  the  tube  to  a 
height  of  about  five  and  a  half  or  six  feet,  and  will  remain  at  or 
about  that  level ;  thus  indicating  the  pressure  to  which  it  was  sub- 
jected in  the  interior  of  the  vessels.  The  pressure,  which  is  thus 
due  to  the  reaction  of  the  entire  arterial  system,  is  known  as  the 
arterial  pressure. 

The  degree  of  arterial  pressure  may  be  easily  measured  by  con- 
necting the  open  artery,  by  a  flexible  tube,  with  a  small  reservoir 
of  mercury,  which  is  provided  with  a  narrow  upright  glass  tube, 
open  at  its  upper  extremity.  When  the  blood,  therefore,  urged  by 
the  reaction  of  the  arterial  walls,  presses  upon  the  surface  of  the 
mercury  in  the  receiver,  the  mercury  rises  in  the  upright  tube,  to 
a  corresponding  height.  By  the  use  of  this  instrument  it  is  seen, 
in  the  first  place,  that  the  arterial  pressure  is  nearly  the  same  all 
over  the  body.  Since  the  cavity  of  the  arterial  system  is  every- 
where continuous,  the  pressure  must  necessarily  be  communicated, 
by  the  blood  in  its  interior,  equally  in  all  directions.  Accordingly, 
the  constant  pressure  is  the  same,  or  nearly  so,  in  the  larger  and  the 
smaller  arteries,  in  those  nearest  the  heart,  and  those  at  a  distance. 
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This  constant  pressure  averages,  in  the  hicrher  quarlnipeds,  six 
inches  of  mercury,  whicli  is  equivalent  to  trora  five  and  a  half  to 
six  feetof  blo(xl. 

It  is  also  seen,  however,  in  employing  snch  an  instrnmcnt,  lh»t 
the  level  of  the  mercury,  in  the  upright  tube,  is  not  perfectly  steady, 
but  rises  and  fiills  with  the  pulsations  of  the  heart.  Thus,  at  every 
contraction  of  the  ventricle,  the  mercury  rises  for  about  half  &u 
inch,  and  at  every  relaxation  it  falls  to  its  previous  level.  Thtiaihc 
instrument  becomes  a  measure,  not  only  for  the  constant  pr&ssun;  of 
the  arteries,  but  also  for  the  intermitting  pressure  of  the  bcftlt;  nnd 
on  that  a<;count  it  lias  received  the  name  of  the  cnniiometer.  Il  {<, 
seen,  accordingly,  that  eacli  contraction  of  the  heart  is  superior  iu 
force  to  the  reaction  of  the  arteries  by  about  one-twelfth  ;  and  <h«*e 
vessels  are  kept  filled  by  a  guccession  of  cardiac  puUntion^,  w<l 
discharge  their  contents  in  turn  into  the  capillaries,  by  their  ovd 
elastic  reaction. 

The  rapidity  with  which  the  blood  circulates  through  the  arteri*! 
system  is  very  great.  Its  velocity  is  greatest  in  the  itnmediale 
neighborhood  of  tlie  heart,  and  diminishes  somewhat  as  the  blojd 
recedes  farther  and  farther  from  the  centre  of  the  circulation.  Thu 
diminution  in  the  rapidity  of  the  arterial  current  is  due  to  the  wc- 
cessivc  division  of  the  aorta  and  its  primary  branches  into  smaller 
and  smaller  ramifications,  by  which  the  total  calibre  of  the  arterial 
system,  as  we  have  already  mentioned,  is  somewhat  increased.  The 
blood,  therefore,  flowing  through  a  larger  space  as  it  pasises  outwani, 
necessarily  moves  more  slowly.  At  the  same  time  the  increaw^l 
extent  of  the  arterial  parietes  with  which  the  blood  comes  in  coo- 
tact,  as  well  as  the  mechanical  obstJicle  arising  from  the  division  of 
the  vessels  and  the  separati4>n  of  the  streams,  undoubtedly  cooiri- 
bules  more  or  less  to  retard  the  currents.  The  mechanical  obstacle, 
however,  arising  from  the  friction  of  the  blood  against  the  walls  of 
the  vessels,  which  would  be  very  serious  in  the  case  of  water  or  aHV 
similar  fluid  flowing  through  glass  or  metallic  tubes,  has  compara- 
tively little  ettbct  on  the  ritjiidity  of  the  arterial  circulation.  Tli'* 
can  readily  be  seen  hy  microscopic  cxaminatiou  of  any  transparenl 
and  vascular  tissue.  The  internal  surface  of  the  arteries  is  so  smooth 
and  yielding,  and  the  consistency  of  the  circulating  fluid  so  accu- 
rately adapted  to  that  of  the  vessels  which  contain  it,  that  the 
rotarding  effccta  of  friction  are  reduced  to  a  minimum,  and  the 
blood  in  flowing  through  the  vessels  meets  with  the  least  possible 
resistance. 
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I  owing  to  this  fact  that  the  arterial  circulation,  though  some- 
ilower  towanl  tho  periphery  than  near  the  heart,  yet  retains 
'remarkable  voltxiiiy  throughout;  and  even  in  arteries  of  the 
pstsi^eit  is  so  rapid  that  the  shape  of  the  blood-globules  can- 
\  distinguished  in  it  on  microscopic  examination,  but  onlv  a 
ed  current  shooting  forward  with  increased  velocity  at  every 
u  pul.-iiiiiou.  Volkmann,  in  Germany,  had  detunnined,  by  a 
ngenioud  eontrivance,  the  velocity  of  the  current  of  blood  in 
Dl  the  large  sized  arteries  in  dogs,  horses,  and  calvea.  The 
tucnt  wiiich  he  employed  (Fig.  101)  consisted  of  a  metallic 
er  (a),  with  a  pertoratiun  running  from  end  to  end,  and  cor- 
ding in  size  uitli  llio  artery  to  be  examined.  The  arterv 
vidcd  transversely,  and  its  cardiac  extremity  fostened  to  tiie 
(A)  of  the  instrutiient,  while  ita  peripheral  extremity  was 
in  the  same  manner  to  the  lower  end  (c).  The  blood 
ingly  still  kept  on  its  usual  course ;  cnly  passing  for  a  short 
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distance  throngb  the  artificial  tube  (a),  between  the  divided  extremi- 
ties of  the  artery.   The  instrument,  however,  was  provided,  assliown 
in  the  accompanying  figures,  with  two  transverse  cylindrical  plugJs 
also  perforated ;  and  arranged  in  such  a  manner,  that  when,  at  a 
given   signal,  the   two   plugs  were  suddenly  turned   in  opposite 
directions,  the  stream  of  blood  would  be  turned  out  of  its  course 
(Fig.  102),  and  made  to  traverse  a  long  bent  tube  of  glass  {d,  d,  tt\, 
before  again  finding  its  way  back  to  the  lower  portion  of  the  artery. 
In  this  way  the  distiince  passed  over  by  the  blood  in  a  given  tiiuii 
could  be  readily  measureil  upon  a  scale  attached  to  the  side  of  the 
glass  tube.     Volkmann  found,  as  the  average  result  of  his  obser* 
rations,  that  the  blood  moves  in  the  carotid  arteries  of  warm-blooded 
quadrupeds  with  a  velocity  of  12  inches  per  second. 

The  must  exact  experiments  on  the  velocity  and  movement  of 
the  blood  in  the  larger  arteries  and  their  branches,  are  those  of 
Chauveau.'  He  experimented  by  introducing  into  the  carotid  ar- 
tery of  the  horse  a  brass 
tube  with  thin  walls,  about 
two  inches  long  and  a  little 
over  one-third  of  an  inch  in 
diameter.  The  tube  was  in- 
troduced through  a  longi- 
tudinal incision  in  the  walls 
of  the  exi)osed  vessel,  and 
secured  in  position  by  a 
ligature  neareach  extremity , 
so  that  the  arterial  current 
would    then    pass,    without 

,.  ,         ,  CniLVrxkD'w   InsTiiiiKRiiT,   for   meamrtnc  tteJ 

any  perceptible  obstruction,  r»pniityofth«.«rtoii.jeum-iit.-«.Br«.tDbe,iMnjo».«' 

through     the    tube    forming,    iolo  th»  c^ihn  or  tbt  mrfry.-b.  la<U,T-t,tf4l,  pmtmt 

^       ,  °     thraagh  Ike  elastic  menibraoe  in  ths  ■i<ts  uf  iIm  braai 

for    the    time,    a    part    of    the    talw,  >nd  mar\Dg  b;  tba  impulM  of  the  bkiod-CQmM>- 

arterial  walls.     In  the   side  «^  o™'t-t«i.rij..form«,«riu«the«teoior  u-., 


lAtioDf  of  the  n«Mll«. 
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of   the   tube  was    a    small 

opening,  one  eighth  of  an  inch  long  by  one  sixteenth  of  an  inch  wT 
which  was  closed  by  a  thin  membrane  properly  secured  so  as  to' 
prevent  the  escape  of  the  blood.  Through  the  centre  of  the  elastic 
membrane  there  was  passed  a  very  light  metallic  needle,  the  inner 
extremity  of  which,  somewhat  flattened  in  shape,  projected 
into  the  interior  of  the  vessel,  and  received  the  impulse  of  the  ar- 
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terial  blood;  wbile  the  outer  portion,  prolonged  into  a  slender 
index,  marked  upon  a  semicircular  graduated  scale  the  oscillations 
of  the  movable  inner  extremity,  and  consequently  the  varying 
rapidity  of  the  arterial  current 

The  actual  velocity,  indicated  by  any  given  oscillation  of  the 
needle^  was  ascertained  beforehand  by  attaching  the  apparatus  to 
an  elastic  tube  and  passing  through  it  a  stream  of  warm  water  of 
known  rapidity.  The  deviation  of  the  needle  under  these  circum- 
stanoQs  being  noted,  it  becomes  afterward  an  exact  register  for 
the  Yffiocity  of  the  blood  in  the  arterial  circulation. 

Chauveau  found,  as  the  result  of  these  experiments,  that  the 
details  of  the  circulatory  movement  differ  somewhat  in  the  larger 
arteries  near  the  heart,  and  in  the  smaller  branches  farther 
removed. 

a.  In  the  carotid  artery,  at  the  instant  of  the  systole  of  the  heart, 
the  blood  is  suddenly  put  in  motion  with  a  comparatively  high 
deg^ree  of  rapidity,  amounting  on  the  average  to  20  inches  per 
second. 

At  the  termination  of  the  heart's  systole,  and  immediately  before 
the  closure  of  the  aortic  valves,  the  movement  of  the  blood 
decreases  very  considerably,  and  may  even,  for  the  time,  be  com- 
pletely arrested. 

At  the  instant  of  closure  of  the  aortic  valves,  the  circulation 
receives  a  new  impulse,  and  the  blood  again  moves  forward  with 
a  velocity,  on  the  average,  of  8J  inches  per  second. 

Subsequently  the  rapidity  of  the  current  diminishes  gradually 
during  the  period  of  the  heart's  inaction,  until,  at  the  end  of  this 
period  and  just  before  a  new  systole,  it  is  reduced,  on  the  average, 
to  a  little  less  than  6  inches  per  second. 

b.  In  the  smaller  arterial  branches,  such  as  the  facial,  the  move- 
ment of  the  arterial  current  is  more  uniform  than  the  above.  It 
is  considerably  less  rapid  at  the  moment  of  the  heart's  systole ; 
and  on  the  other  hand,  it  is  always  comparatively  more  active 
during  the  period  of  ventricular  repose. 

The  secondary  impulse,  following  the  closure  of  the  aortic 
valves,  is  much  less  perceptible  than  in  the  larger  arteries,  and 
may  even  be  altogether  absent. 
19 
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VENOUS   CIRCULATION. 

The  veins,  which  collect  the  blood  from  the  tissues  and  return  il 
to  the  heart,  are  composed,  like  the  arteries,  of  three  coats;  an  inner, 
middle,  and  exterior.  In  structure,  they  differ  from  the  arterii-'s  in 
containing  a  much  smaller  quantity  of  muscular  and  elastic  fibres, 
and  a  larger  proportion  of  simple  condensed  areolar  tissue.  Thejf 
are  consequently  more  flaccid  and  compressible  than  the  arteries. 
and  less  elastic  and  contractile.  They  are  furthermore  distin- 
guished, throughout  the  limbs,  neck,  and  external  portions  of  the 
head  and  trunk,  by  being  provided  with  valves,  consisting  of  fibrous 
eheets  arranged  in  the  form  of  festoons,  and  so  placed  in  the  ciivitj 
of  the  vein  as  to  allow  the  blood  to  pass  readily  from  the  peripLerjr 
toward  the  heart,  while  they  prevent  altogether  its  reflux  in  ta 
opposite  direction. 

Although  the  veins  are  provided  with  walls  which  are  very  mach 
thinner  and  less  elastic  than  those  of  the  arteries,  yet,  contrary  to 
what  wo  might  expect,  their  capacity  for  resistance  to  pressure  is 
equal,  or  even  superior,  to  that  of  tlie  arterial  tubes.  Milne  fid- 
wards  has  collected  the  results  of  various  experiments,  which  show 
that  the  veins  will  Bometimea  resist  a  pressure  which  is  sufScient  to 
rupture  the  walla  of  the  arteries.'  In  one  instjince  the  jugular  vein 
supported,  without  breaking,  a  pressure  equal  to  a  column  of  wataf 
14S  feet  in  height;  and  in  another,  the  iliac  vein  of  a  sheep  resisted 
a  pressure  of  more  than  four  atmospheres.  The  portal  veinWM 
found  capable  of  resisting  a  pressure  of  six  atmospheres ;  and  in 
one  case,  in  which  the  aorta  of  a  sheep  was  ruptured  by  a  presaOW 
of  158  pounds,  the  vena  cava  of  the  same  animal  supported  a  pfM* 
sure  equal  to  176  pounds. 

This  resistance  of  the  veins  is  to  be  attributed  to  the  large  pro- 
portion of  white  fibrous  tissue  which  enters  into  their  composition; 
the  same  tissue  which  forms  nearly  the  whole  of  the  tendons  aod 
fasciae,  and  which  is  distinguished  by  its  density  and  unyielding 
nature. 

The  elasticity  of  the  veins,  however,  is  much  less  than  that  of  the 
arteries.  When  they  are  filled  with  blood,  they  enlarge  to  a  certain 
size,  and  collapse  again  when  the  pressure  is  taken  off;  but  thej?  do 
not  react  by  virtue  of  an  elastic  resilience,  or,  at  least,  only  ti>  * 
slight  extent,  as  compared  with  the  arteries.    Accordingly,  when 
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%he  arteries  are  cut  across,  and  emptied  of  blood,  tbey  still  remain 
open  and  pervious,  retaining  the  tabular  form,  on  account  oi"  the 
elasticity  of  their  wullsj  while,  if  the  veins  be  treated  in  the  satne 
■way,  their  sides  simply  fall  together  and  remain  in  contact  with  each 
other. 

Another  peculiarity  of  the  venous  system  is  the  ahumiance  of 
tfie  geparate  channels,  which  it  affords,  for  the  flow  of  blood  from 
the  periphery  towards  the  centre.  The  arteries  pass  directly  from 
the  heart  outward,  each  separate  branch,  as  a  general  rule,  going 
to  a  separate  region,  and  supplying  that  part  of  the  body  with 
all  the  blood  which  it  requires  ;  so  that  the  arterial  system  is  kept 
constantly  filled  to  its  entire  capacity  with  the  blood  which  passes 
through  it.  But  that  is  not  the  case  with  the  veins.  In  injected 
preparations  of  the  vascular  system,  we  have  often  two,  three, 
four,  or  even  five  veins,  coming  together  from  the  same  region  of 
the  body.  There  are  also  abundant  inosculations  between  the  dif- 
ferent veins.  The  deep  veins  which  accompany  the  brachial  artery 
inosculate  freely  with  each  other,  and  aK-«o  with  the  superficial  veins 
of  the  arm.  In  the  veins  coming  from  the  head,  we  have  the  ex- 
ternal jugular  communicating  with  the  thyroid  veins,  the  anterior 
jugular,  and  the  brachial  veins.  The  external  andinternal  jugulars 
communicate  with  each  other,  and  the  two  thyroid  veins  also  form 
an  abundiint  plexus  in  front  of  the  trachea. 

Thus  the  bloo<l,  coming  from  the  extremities  toward  the  heart, 
flows,  not  in  a  single  channel,  but  in  many  channels;  and  as  these 
channels  communicate  freely  with  each  other,  the  blood  passes  some- 
times through  one  of  them,  and  sometimes  through  another. 

The  flow  of  blood  through  the  veins  is  less  powerful  and  rejiular 
than  that  through  the  arteries.  It  depends  on  the  combined  action 
of  three  diHerent  forces. 

1.  The  force  of  aspiration  of  the  thorax. — When  the  chest  expands 
by  the  lifting  of  the  ribs  juid  the  descent  of  the  diaphragm,  its 
movement,  of  course,  tends  to  diminish  the  pressure  exerted  upon 
its  contents,  and  so  has  the  effect  of  drawing  into  the  thoracic  cavity 
all  the  fluids  which  can  gain  access  to  it.  The  expanded  cavity  is 
principally  filled  by  the  air.  which  passes  in  through  the  trachea 
and  fills  the  bronchial  tubes  and  the  pulmonary  vesicles.  But  the 
blood  in  the  veins  is  also  drawn  into  the  chest  at  the  same  time  and 
by-  the  same  force.  This  force  of  aspiration,  exerted  by  the  expan- 
sion of  the  chest,  is  gentlq  and  uniform  in  character,  like  the  move- 
ments of  respiration  themselves.     Accordingly  its  influence  is  ex- 
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tended,  without  doubt,  to  the  farthest  extremities  of  the  Tenous 
system,  the  bluod  being  gently  solicited  toward  the  heart,  at  wch 
expansion  of  the  chest,  without  any  visible  alteration  in  the  eiieof 
the  veins,  which  are  filled  up  from  behind  as  fa^st  as  they  are  eiaptie<l 
in  front. 

But  if  the  movement  of  inspiration  be  sudtlen  and  violent,  iiutead 
of  gentle  and  eaa}',  a  diftereut  efteet  is  produced.  For  then  the  walli 
of  the  veins,  which  are  thin  ami  llaecid,  cannot  retain  their  po«iuim. 
but  collapse  under  the  external  pressure  too  rapidly  to  allow  the 
blood  to  flow  in  from  behind.  In  this  ease,  therefore,  tli' 
simply  emptied  in  the  immediate  neighborhood  of  tbo  ch-..:,  .  .• 
the  entire  venous  circulation  is  not  assisted  by  tlie  movement. 

The  same  difterence  in  the  elTect  of  an  easy  and  a  violent  suction 
movement,  may  be  readily  shown  by  attaching  to  the  nozzle  of  au 
air-tight  syringe  a  flexible  elastic  tube  with  thin  walls,  and  placiog 
the  other  extremity  of  the  tulxj  under  water.  If  the  piston  of  the 
syringe  be  now  withdrawn  with  a  gentle  and  gradual  motion,  the 
water  will  be  readily  drawn  up  into  the  tube,  while  the  tube  itself 
suffers  no  visible  change;  but  if  the  suction  movement  be  made 
rajud  and  violent,  the  tube  will  collapse  instantly  under  the  pres- 
sure uf  the  air,  and  will  fail  to  draw  the  water  into  its  cavity. 

A  similar  effect  shows  itself  in  the  living  body.  If  the  jugn'*'' 
or  subclavian  vein  be  exposed  in  a  dog  or  cat,  it  will  be  seen  thai 
while  the  movements  of  respiration  are  natural  and  esisy  no  fluc- 
tuation in  the  vein  can  be  perceived.  But  as  soon  as  the  respira- 
tion l)ecomes  disturbed  anrl  la\)orious,  then  at  each  inspiration  tbe 
vein  is  collapsed  and  emptied;  while  during  expiration,  the  cbe^ 
l>eing  strongly  compressed  and  the  inward  How  uf  the  blood  arreslwl- 
the  vein  becomes  turgid  with  blood  which  accumulates  in  it  from 
behind.  In  young  children,  ahso,  the  spasmodic  movements  of  r» 
piration  in  crying  produce  a  similar  lurgescence  and  engorgeme"' 
of  the  large  veins  during  expiration,  while  they  are  moraentarilf 
emptied  during  tlie  hurried  and  forcible  inspirat'on. 

Ill  natural  and  quiet  rej;pi ration,  tberetbre,  the  movements  of  in* 
chest  hasten  and  assist  the  venous  circulation ;  but  in  forced  or 
laborious  respiration,  they  do  not  assist  and  may  even  retard  its  flo*- 

2.  The  contraction  n/  thr:  vohirdarg  mtischrs. — The  veins  vrliic" 
convey  the  blo»:Ml  through  the  limbs,  and  the  parietes  of  the  he*' 
and  trunk,  lie  among  voluntary  muscles,  which  are  more  or  le* 
constantly  in  a  state  of  alternate  contraction  and  relaxation.  At 
every  contraction  these  muscles  become  swollen  laterally,  and,  of 
course,  compress  the  veins  which  are  situated  between  them.    T 
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Fig.  104.  Pig.  105. 
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blood,  driven  out  from  the  vein  by  this  pressure,  cannot  regurgitate 
toward  the  capillaries,  owing  to  the  valves,  already  described,  which 
shut  back  and  prevent  its  reflux.    It  is  accordingly  forced  onward 
toward  the  heart;  and  when  the  muscle  relaxes  and  tlic  vein  is 
liberated  from  {tressure.  it  again  fills  up  from  liebiud,  and  the  cir- 
culation goes  on  as  before.     This  force  is  a  very  efficient  one  in 
producing  the  venous  circulation;  since  the  voluntary  mascles  are 
more  or  less  active  in  every  position  of  the  body,  and  the  veins 
constantly  liable  to  be  compressed  by  them.     It  is  on  this  account 
that  the  veins,  in  the  external  parts  of  the  body,  communicate  so 
freely  with  each  other  by  transverse  branches;  in  order  that  the 
current  of  bUxxl,  which  is  momentarily  excluded  from  one  vein  by 
the  pressure  of  the  muscles,  may  readily  find  a  passage  through 
others,  which  communicate  by  cross  branches  with  the  first.  (Figs. 
104  and  106.) 

3.  The  force  of  the  capillary  circulation. — This  last  cause  of  the 
motion  of  the  blood  through  the  veins  is  the  most  important  of  all, 
as  it  is  the  only  one  which  is  constantly  and  universally  active.  In 
fish,  for  example,  respiration  is  performed  altogether  by  gills ;  and 
in  reptiles  tlie  air  is  forced  down  into  the  lungs  by  a  kind  of  deglu- 
tition, instead  of  being  drawn  in  by  the  expansion  of  the  chest.  In 
neither  of  these  classes,  therefore,  can  the  movements  of  respiration 
assist  mechanically  iu  the  circulation  of  the  blood.  lu  the  splanch- 
nic cavities,  again,  of  all  the  vertebrate  animals,  the  veins  coming 
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from  the  internal  organs,  as,  for  example,  the  cerebral,  pulmonary, 
portal,  hepatic,  and  renal  veins,  are  unprovided  with  valves;  aixl 
the  passage  of  the  blood  through  them  cannot  therefore  be  effectod 
by  any  lateral  pressure.  The  circulation,  however,  constantly  going 
on  in  the  capillaries,  everywhere  tends  to  crowd  the  radicles  of  the 
veins  with  blood ;  and  this  vis  a  tergo,  or  pressure  from  behind,  filU 
the  whole  venous  system  by  a  constant  and  steady  accumulatkm. 
So  long,  therefore,  as  the  veins  are  relieved  of  blood  at  their  cardi« 
extremity  by  the  regular  pulsations  of  the  heart,  there  is  no  back- 
ward pressure  to  oppose  the  impulse  derived  frorti  the  capillary  cir- 
culation ;  and  the  movement  of  the  blood  through  the  veind  continaa 
in  a  steady  and  uniform  course. 

With  regard  to  tlie  rapidity  of  the  venous  circulation,  no  direct 
results  have  been  obtained  by  experiment.    Owing  to  the  flaccidity 
of  the  venous  parietes,  and  the  readiness  with  which  the  flow  of 
blood  through  them  is  disturbed,  it  is  not  possible  to  determine  this 
point  for  the  veins,  in  the  same  manner  as  it  has  been  determined 
for  the  arteries.     The  only  calculation  which  has  been  made  in  this 
respect  is  based  upon  a  comparison  of  the  total  capacity  of  the 
arterial  and  venous  systems.     As  the  same  blood  which  passes  out- 
ward through  the  arteries,  passes  inward  again  through  the  vein*, 
the  rapidity  of  its  flow  in  each  must  be  in  inverse  prc^rtion  to  the 
capacity  of  the  two  sets  of  vessels.     That  is  to  say,  a  quantity  of 
blood  which  would  pass  in  a  given   time,  with  a  velocity  of  x, 
through  an  opening  equal  to  one  square  inch,  would  •paae  daring 
the  same  time  through  an  opening  equal  to  two  square  inches,  with 
a  velocity  of  '. ;  and  would  require,  on  the  other  hand,  a  velocity 
of  2  X,  to  pass  in  the  same  time  through  an  op>ening  equal  to  one- 
half  a  square  inch.     Now  tlie  capacity  of  the  entire  venous  system, 
when  distended  by  injection,  is  about  twice  as  great  as  that  of  the 
entire  arterial  system.     During  lite,  however,  the  venous  syatem  M 
at  no  time  so  completely  filled  with  blood  as  is  the  case  with  the 
arteries,  and,  making  allowance  for  this  diflerence,  we  find  that  the 
entire  quantity  of  venous  blood  is  to  the  entire  quantity  of  arterial 
blood  nearly  as  three  to  two.     The  velocity  of  the  venoos  blood, 
as  compared  with  that  of  the  arterial,  is  therefore  aa  two  to  thiw; 
or  about  8  inches  per  second.     It  will  be  understood,  however,  tfati 
this  calculation  is  altogether  approximative,  and  not  exact;  ainoc 
the  venous  current  varies,  according  to  many  difterent  circumstances, 
in  difterent  parts  of  the  body;  being  slower  near  the  capillaries, 
and  more  rapid  near  the  heart.     It  expresses,  however,  with  suifi- 
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cient  accuracy,  the  relative  velocity  of  the  arterial  and  venous  cur- 
x«uts,  at  correspoDdiog  parts  of  their  course. 

THE  CAPILLARY  CIRCULATION". 

The  capillary  bloodvessels  are  minute  inosculating  tubes,  which 
permeate  the  vascular  organs  in  every  direction,  and  bring  the 
blood  into  intimate  contact  with  the  substance  of  the  tissues.  They 
are  continuous  with  the  terminal  ramifications  of  the  arteries  on 
the  one  hand,  and  with  the  commencing  rootlets  of  the  veins  on  the 
other.  They  vary  somewhat  in  size  in  different  organs,  and  in  dif- 
ferent species  of  animals;  their  average  diameter  in  the  human 
subject  being  a  little  over  ,0*55  of  an  inch.  They  are  composed 
of  a  single,  transparent,  homogeneous,  somewhat  elastic,  tubular 
membrane,  which  is  provided  at  various  intervals  with  flattened, 
oval  nuclei.  As  the  smaller  arteries  approach  the  capillaries,  they 
diminish  constantly  in  size  by  successive  subdivision,  and  lose  first 
their  external  or  fibrous  tunic.  They  are  then  composed  only 
of  the  internal  or  homogeneous  coat,  and  the  middle  or  muscular, 
(Fig.  106,  a.)  The  middle  coat  then  diminishes  in  thickness,  until 
it  is  reduced  to  a  single  layer  of  circular,  fusiform,  unstriped,  mus 
Cnhir  tibres.  which  in  their  turn  disappear  altogether,  as  the  artery 
merges  at  last  in  the  capillaries ;  leaving  only,  as  we  have  already 

mentioned,  a  simple,  homogene- 
ous, nucleated,  tubular  mem- 
brane, which  is  continuous  with 
the  internal  arterial  tunic. 

The  capillaries  are  further  dis- 
tinguished from  both  arteries  and 
veins  by  llieir  frequent  inoscula- 
tion. The  arteries  constantly  di- 
vide and  subtlivide,  as  they  pass 
from  within  outward;  while  the 
veins  as  constantly  unite  with 
each  other  to  form  larger  and 
less  numerous  branches  and 
trunks,  as  they  pass  from  the  cir- 
cumference toward  the  centre. 
But  the  capillaries  simply  inos- 
culate with  each  other  in  every 
direction,  in  such  a  manner  as  to 
plexus,  the  capillary  plexus  (Fig. 
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CAPtLLAiT  Netwkrk  from  web  offrog'i  foot 


107),  which  is  exceedingly  rich  and  abundant  in  some  organs,  less 

so  in  others.     The  solaces ii> 
'^'     '■  eluded  between  the  meshes 

of  the  capillary  network  vary 
also,  in  shape  as  wull  as  in 
size,  in  dilTerent  parts  of  tli< 
body.     In  tlie  muscular  tia- 
sue  they  form  long  parallelo- 
grams; in  the  areolar  tissue, 
irregular    shapeless    fi^oirea, 
corresponding   with   the  di- 
recti ou   of  the  fibrous  bun- 
dles of  which   the  tissue  is 
composed.      In   the  mucouA 
membrane  of  the  large  intc»> 
tine,  the  capillaries  include 
hexagonal  or  nearly  circular 
spaces,  enclosing  ;he  orifices  of  the  follicles.     In  the  papillae  of  the 
Kvngue  and  of  the  skin,  and  in  the  tul'ts  of  the  placenta,  they  are 
arninged   in  long  spiral  loops,  and   in   the  adipose  tissue  in  wid 
meshes,  among  which  the  fat  vesicles  are  entangled. 

The  molion   of  the  bhml  m   tite  caju' tlaries  may  be  studied    bji 
exr\mining   under    the   microscope   any   transparent   tissue,  of 
sufRcient  degree  of  vascularity.     One  of  the  most  convenient  parta 
for  this  purpose  is  the  web 

of  the  frog's  foot.      When  ^*«-  ^*'*" 

properly  prepared  and  kept 
moistened  by  the  occasional 
addition  of  water  to  the  in- 
tegument, the  circulation 
■will  go  on  in  its  vessels  for 
an  indefiniie  length  of  time. 
The  blood  can  be  seen  enter- 
ing the  field  by  the  smaller 
arteries,  shooting  through 
them  with  great  rapidity  and 
ill  successive  impulses,  and 
flowing  oflF again  by  the  veins 
at  a  somewhat  slow  rate. 
In  the  capillaries  themselves 
the  circulation  is  considerably  less  rapid  than  in  cither  the  arteries 
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r  the  veins.  It  is  also  perfectly  steady  and  uninterrupted  in  its 
flow.  The  blood  passes  along  in  a  uniform  and  continuous  current, 
without  any  apparent  contraction  or  dilatation  of  the  vessels,  very 
much  as  if  it  were  flowing  through  glass  tubes.  Another  very 
remarkable  peculiarity  of  the  capillary  circulatiou  is  that  it  has 
no  definite  direction.  The  numerous  streams  of  which  it  is  com- 
posed (Fig.  108)  do  not  tend  to  the  right  or  to  the  left,  nor  toward 
any  one  particular  point.  On  the  contrary,  they  pass  above  and 
bnlow  each  other,  at  right  angles  to  ea«h  other's  course,  or  even  in 
opposite  directions;  so  that  the  blood,  while  in  the  capillaries, 
merely  circulates  promiscuously  among  the  tissues,  in  such  a  man- 
ner as  to  come  intimately  in  contact  with  every  part  of  their  sub- 
stance. 

The  motion  of  the  white  and  red  globules  in  the  circulating  blood 
is  also  peculiar,  and  shows  very  distinctly  the  diHerence  in  their 
consistency  and  other  physical  properties.  lu  the  larger  vessels 
the  red  globules  are  carried  along  in  a  dense  column,  in  the  central 
part  of  the  stream;  while  near  the  edges  of  the  ves^sel  there  is  a 
transparent  space  occupied  only  by  the  clear  plasma  of  the  blood, 
in  which  no  red  globules  are  to  be  seen.  In  the  smaller  vessela 
tVie  globules  pass  along  in  a  narrower  column,  two  by  two,  or 
following  each  other  in  single  file.  The  flexibility  and  semi-fluid 
consistency  of  these  globules  are  here  very  apparent,  from  the 
readiness  with  which  they  become  folde<l  up,  bent  or  twisted  in 
turning  corners,  and  the  ease  with  which  they  glide  through  minute 
branches  of  c<">mmunication,  smaller  in  flianieter  than  themselves. 
The  white  globules,  on  the  other  hand,  flow  more  slowly  and  with 
greater  difficulty  through  the  vessels.  They  drag  along  the  exter 
nal  portions  of  the  current,  and  are  sometimes  momentarily  arrested  ; 
apparently  adhering  for  a  few  seconds  to  the  internal  surface  of  the 
vessel.  Whenever  the  current  is  obstructed  or  retarded  in  any 
niannor,  the  white  globules  accumulate  in  the  affected  portion,  and 
become  more  numerous  there  iu  proportion  to  the  red. 

It  ia  during  the  capillary  circulation  that  the  blood  serves  for 
tlie  nutrition  of  the  vascular  organs.  Its  fluid  portions  slowly 
transude  through  the  walls  of  the  vessels,  and  are  absorbed  by  the 
ti:3suea  in  such  proportion  as  is  requisite  for  their  nourishment. 
The  saline  substances  enter  at  once  into  the  composition  of  the 
surrounding  parts,  generally  without  undergoing  any  change.  The 
phosphate  of  lime,  for  e-xample,  is  taken  up  in  large  quantity  by 
the  bones  and  cartilages,  and  in  .smaller  quantity  by  the  softer  parts ; 
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while  the  chlorides  of  aodium  and  potassium,  the  carbonates,  sul 
phatea,  &c,,  are  iipprupriated  in  sj>ecial  proportions  by  the  dift'ereal 
tissues,  according  to  the  quantity  necessary  for  their  organiaitiyii. 
The  albuminous  ingroclienti*  of  the  blood,  on  the  other  hand,  ure 
not  only  absorbe<l  in  a  sinular  manner  by  the  animal  tissues,  buUl 
the  same  time  are  transformed  by  catalysis,  and  converted  into  new 
materials,  characteristic  of  the  diflbrent  tissues.  In  this  way  MO 
produced  the  rausouline  of  the  muscles,  the  osteine  of  the  bones,  t!w 
cartilagine  of  the  cartilages,  <kc.  &.c.  It  is  probable  that  this  traiu- 
formation  does  not  take  place  in  the  interior  of  the  vessels  them- 
selves ;  but  that  the  organic  ingrtxlients  of  the  blood  are  absorbed 
by  the  tissues,  and  at  the  same  moment  converted  into  new  mate- 
rials, by  contact  with  their  substance.  The  blood  in  this  way  fur- 
nishes, directly  or  indirectly,  all  the  materials  necessary  tor  the 
nutrition  of  the  body. 

The  physical  conditions  which,  influence  the  movement  of  the 
blood  in  the  capillaries,  are  somewhat  difrerent  from  those  which 
regulate  the  arterial  and  venous  circulations.  We  roust  remenibuf 
thai,  as  the  arteries  pass  from  the  heart  outward,  they  sulxlivide  and 
ramify  to  such  an  extent  that  the  surface  of  the  arterial  walls  is 
very  much  increased  in  proportion  to  the  quantity  of  blood  which 
they  contain.  It  is  on  this  account  that  the  arterial  pulsation  id  so 
much  equalized  at  a  distance  from  the  heart,  since  the  influence  of 
the  elasticity  of  the  arterial  coatais  thus  constantly  increased  from 
within  outward.  But  as  these  vessels  finally  reach  the  confines 
of  the  arterial  system,  having  already  been  very  much  increased 
in  number  and  diminished  in  size,  they  suddenly  break  np  into' 
a  terminal  ramificatibn  of  still  smaller  and  more  numerous  v 
and  so  lose  themselves  at  last  in  the. capillary  network. 

By  this  final  increase  of  the  vascular  surface,  the  equalization 
the  heart's  action  is  completed.  There  is  no  longer  any  intermitting 
or  pulsatile  character  i^  the  force  which  acts  upon  the  circulating 
fluid;  and  the  blood,  as  it  is  delivered  from  the  arteries^  movtt 
through  the  capillary  vessels  under  a  perfectly  continuous  and  uni- 
form pressure. 

This  pressure  is  sufficient  to  cause  the  blood  to  pass  with  con* 
siderable  rapidity;  through  the  capillary  plexus,  into  the  comnaence- 
mcnt  of  the  veins.  This  fact  was  first  dem<mstraled  bv  Pruf. 
Sharpey,'  of  Loudon,  who  employed  an  injecting  syringe  with  a 
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double  nozzle,  one  extremity  of  which  was  connected  with  a  mercu- 
rial gauge,  while  the  other  was  inserted  into  the  artery  of  a  recently 
killed  animal.  When  the  syringe,  filled  with  defibrinated  blood, 
was  fixed  in  this  position  and  the  vessels  of  ihe  animal  injected,  the 
deiibrinated  blood  would  press  with  equal  force  upon  the  mer(jury 
in  the  gauge  and  upon  the  fluid  in  the  bWdvesaels ;  and  thus  it 
■was  easy  to  ascertain  tlie  exact  amount  of  pressure  required  to  force 
the  defibrinated  blood  through  the  capillaries  of  the  animal,  and  to 
make  it  return  by  the  corresponding  vein.  In  this  way  Prof. 
Sharpey  found  that  when  the  free  end  of  the  injecting  tube  was 
attached  to  the  mesenteric  artery  of  the  dog,  a  pre.ssure  of  90  milli- 
metres of  mercury  caused  the  blood  to  pass  through  the  capillaries 
of  the  intestine  and  of  the  liver;  and  that  under  a  pressure  of  130 
millimetres,  it  flowed  in  a  full  stream  from  the  divided  extremity 
of  the  vena  cava. 

We  have  also  performed  a  similar  experiment  on  the  vessels  of 
the  lower  extremity.  A  full  grown  healthy  dog  was  killed,  and 
the  lower  extremity  immediately  injected  with  defibrinated  bloody 
by  the  femoral  artery,  in  order  to  prevent  coagulation  in  the  smaller 
vessels.  A  syringe  with  a  double  flexible  nozzle  was  then  filled 
with  defibrinated  blood,  and  one  extremity  of  its  injecting  tube 
attached  to  the  femoral  artery,  the  other  to  the  mouthpiece  of  a 
cardiometer.  By  making  the  injection,  it  was  then  found  that  the 
defibrinated  blood  ran  from  the  femoral  vein  in  a  continuous  stream 
under  a  pressure  of  120  millimetres,  and  that  it  was  discharged  very 
freely  under  a  pressure  of  130  millimetres. 

Since,  as  we  have  already  seen,  the  arterial  pressure  upon  the 
blood  is  equal  to  six  inches,  or  150  millimetres,  of  mercury,  it  is 
evident  that  this  pressure  is  sufficient  to  propel  the  blood  through 
the  capillary  circulation. 

Beside,  the  blood  is  not  altogether  relieved  from  the  influence  of 
elasticity,  after  it  has  left  the  arteries.  For  the  capillaries  them- 
fl^Nw  are  elastic,  notwithstanding  the  delicate  texture  of  their 
walls;  and  even  the  tissues  of  the  organs  which  they  traverse 
possess,  in  many  instances,  a  considerable  share  of  elasticity,  owing 
to  the  minute  elastic  fibres  which  are  scattered  through  their  sub- 
stance. The.se  elastic  fibres  are  found  in  considerable  quantity  in 
the  imigs,  the  spleen,  the  skin,  the  lobulated  glands,  and  more  or 
lees  in  the  mucous  membranes.  They  are  abundant,  of  course,  in 
the  fibrous  tissues  of  the  extremities,  in  the  fasciae,  the  tendons,  and 
the  intermuscular  substance. 
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In  the  experiment  of  injecting  the  vessels  of  the  lower  extremtty 
with  defibrinated  blood,  if  the  injection  be  8Ujp|>ed,  the  blood  does 
not  instantly  cease  flowing  from  the  extremity  of  the  femoral  vein,  , 
but  continues  for  a  short  time,  until  the  elasticity  of  the  intervening  ^| 
parts  is  exhausted.  : 

The  same  thing  may  be  observed  even  in  the  liver.  If  the  end 
of  a  water-pipe  be  inserted  into  the  portal  vein,  and  the  liver  to- 
jecte^l  with  water  under  the  pressure  of  a  hydrant,  the  liquid  will 
distend  the  vessels  of  the  organ,  and  pass  out  by  the  hepatic  veinA. 
But  if  the  portal  vein  be  suddenly  tied  or  compressed,  so  as  to  shut 
oft'  the  pressure  from  behind,  the  stream  will  continue  to  run.  for 
several  seconds  afterward,  from  the  hej vatic  vein,  owing  to  tlie  rt' 
action  of  the  organ  itself  upon  the  fluid  contained  in  its  vessels. 

As  a  general  rule,  also,  the  capillaries  do  not  gutter  any  backward 
pressure  from  the  venous  system.  On  the  contrary,  as  soon  as  iha 
blood  has  been  delivered  into  the  veins,  it  is  hurried  onward  toward 
the  heart  by  the  compression  of  the  muscles  and  the  action  of  the 
venous  valves.  The  right  side  of  the  heart  itself  continues  th«  saoie 
process,  by  its  regular  contractions,  and  by  the  action  of  its  own 
valvular  apparatus ;  so  that  the  blood  is  constantly  lifted  away  from 
the  capillaries,  by  the  muscular  action  of  the  surrounding  parts. 

These  are  the  most  important  of  the  mechanical  influences  ander 
which  the  blooii  moves  through  the  continuous  round  of  the  circu. 
lation.  The  !»eart,  by  its  alternating  contractions  and  relaxatioas 
and  by  the  backward  play  of  its  valves,  continually  urges  the  blood 
forward  into  the  arterial  system.  The  arteries,  by  their  dilatable 
and  elastic  walls,  convert  the  cardiac  pulsations  into  a  uniform  and 
steatly  pressure.  Under  this  pressure,  tlie  blood  passes  thr^^ugh  tlu* 
capillary  vessels;  and  it  is  then  carried  backward  to  the  hear! 
through  the  veins,  assisted  by  the  action  of  the  muscles  and  Una 
respiratory  movements  of  the  chest. 

The  rapidity  of  the  circulation  in  the  capillary  vessels  is  mueb 
less  than  in  the  arteries  or  the  veins.  It  may  be  measured,  with  a 
tolerable  approach  to  accuracy,  during  the  microscopic  examtnation 
of  transparent  and  vascular  tissues,  as,  for  example,  the  web  of  the 
frog's  foot,  or  the  mesentery  of  the  rat.  The  results  obtained  in 
this  way  by  different  observers  (Valentine,  Weber.  Volkmann,  &«*.) 
show  that  the  rale  of  movement  of  the  blood  tlirough  the  capil- 
laries is  rather  less  than  one-thirtieth  of  an  inch  per  second ;  or  not 
quite  two  inches  per  minute.  Since  the  rapidity  of  the  current,  as 
we  have  mentioned  above,  must  be  in  inverse  ratio  to  the  entire 
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calibre  of  the  vessels  through  which  it  moves,  it  follows  that  the 
united  calibre  of  all  the  capillaries  of  the  body  must  be  from  350  to 
400  times  greater  than  that  of  the  arteries.  It  must  not  be  sup- 
posed from  this,  however,  that  the  whole  quantity  of  blood  contained 
in  the  capillaries  at  any  one  time  is  so  much  greater  than  that  in 
the  arteries;  since,  although  the  united  calibre  of  the  capillaries  is 
xerj  large,  their  length  is  very  small.  The  effect  of  the  anatomical 
structure  of  the  capillary  system  is,  therefore,  to  disseminate  a  com- 
paratively small  quantity  of  blood  over  a  very  large  space,  so  that 
the  chemico  physiological  reactions,  necessary  to  nutrition,  may 
take  place  with  promptitude  and  energy.  For  the  same  reason, 
although  the  rate  of  movement  of  the  blood  in  these  vessels  is  very 
slow,  yet  as  the  distance  to  be  passed  over  between  the  arteries 
and  veins  is  very  small,  the  blood  requires  but  a  short  time  to  tra- 
verse the  capillary  system,  and  to  commence  its  returning  passage 
by  the  veins. 

GENEBAL   RAPIDITY   OF   THE   CIRCULATION. 

The  rapidity  with  which  the  blood  passes  through  the  entire  round 
nf  tJie  circulation  is  a  point  of  great  interest,  and  one  which  has 
received  a  considerable  share  of  attention.  The  results  of  such 
experiments,  as  have  been  tried,  show  that  this  rapidity  is  much 
greater  than  would  have  been  anticipated.  Hering,  Poisseuille,  and 
Matteucci,*  have  all  experimented  on  this  subject  in  the  following 
manner.  A  solution  of  ferrocyanide  of  potassium  was  injected 
into  the  right  jugular  vein  of  a  horse,  at  the  same  time  that  a  liga- 
ture was  placed  upon  the  corresponding  vein  on  the  left  side,  and 
an  opening  made  in  it  above  the  ligature.  The  blood  flowing  from 
the  left  jugular  vein  was  then  received  in  separate  vessels,  which 
■were  changed  every  five  seconds,  and  the  contents  afterward  exa- 
mined. It  was  thus  found  that  the  blood  drawn  from  the  first  to 
the  twentieth  second  contained  no  traces  of  the  ferrocyanide ;  but 
that  which  escaped  from  the  vein  at  the  end  of  from  twenty  to 
twenty-five  seconds,  showed  unmistakable  evidence  of  the  presence 
of  the  foreign  salt.  The  ferrocyanide  of  potassium  must,  therefore, 
(luring  this  time,  have  passed  from  the  point  of  injection  to  the 
right  side  of  the  heart,  thence  to  the  lungs  and  through  the  pulmo- 
nary circulation,  returned  to  the  heart,  passed  out  again  through 
the  arteries  to  the  capillary  system  of  the  head  and  neck,  and 

■  PfayaidJil  Plienrnnena  of  Livitifr  Beingn,  Pereira's  tranMation,  Philada.  ed.,  1848, 
p.  317. 
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tlience  have  commenced  its  returning  passage  to  the  right  side  of 

the  heart,  through  the  jugular  vein. 

By  extending  these  investigations   to  different  animala,  it  nrw 

found  that  the  duration  of  the  circulatory  movement  varied,  to 

some  extent,  with  the  size  and  species.     In  the  larger  quadrupeds, 

as  a  general  rule,  it  was  longer ;  in  the  smaller,  the  time  required 

was  less. 

In  the  Horse,'  the  m^an  duration  waa  28  seconds. 
M     D^  .'         »  "        "    15        «• 

"     Goat        "        "  "        "    13        " 

u     Fox         u        I.  ..        .i    12^      " 

"     Babhit     *>        ^  «        «      7        u 


When  these  results  were  first  published,  it  was  thought 
doublfut  ^vhethc^  the  circulation  were  really  as  rapid  as  they  W( 
make  it  appear.     It  was  thought  that  the  saline  matter  which  was 
injected, "  travelled  faster  than  tlie  blood  ;*'  that  it  became  "  diCFused" 
through  the  circulating  fluid  ;  that  it  transuded  through  dividin* 
membranes;  or  passed  round  to  the  point  at  which  it  was  detec 
by  some  short  &ad  irregular  route. 

But  none  of  the,se  explanations  have  ever  been  found  to  be 
rect  They  are  all  really  more  improbable  tlian  the  fact  which 
they  are  intended  to  explain.  The  physical  diffusion  of  liqoidfl 
does  not  take  place  with  such  rapidity  as  that  manifested  by  ibe 
circulation ;  and  there  is  no  other  route  so  likely  to  give  passage  to 
the  injected  fluid,  as  the  bloodvessels  and  the  movement  of  the  blood 
itself.  Beside,  the  first  experiments  of  Poisseuille  and  others  have 
not  been  since  invalidated,  in  any  essential  particular.  It  was  found, 
it  is  true,  that  certain  other  substances,  injected  at  the  same  time 
with  the  saline  matter,  might  hasten  or  retard  the  circulation  to  a 
certain  degree.  But  these  variations  were  not  very  marked,  and 
never  exceeded  the  limits  of  from  eighteen  to  forty-five  secom 
There  is  no  doubt  that  the  blood  itself  makes  the  same  circuit  i 
very  nearly  the  same  interval  of  time. 

The  truth  is,  however,  that  we  cannot  fix  upon  any  absolute! 
uniform  rate  which  shall  express  the  time  required  by  the  enti 
blood  to  pass  the  round  of  the  whole  vascular  system,  and  return 
to  a  given  point.    The  circulation  of  the  blood,  far  from  being 
simple  phenomenon,  like  a  current  of  water  through  a  circular  tu 
is,  on  the  contrary,  extremely  complicated,  in  all  its  anatomical 
physiological  conditions ;  and  it  differs  in  rapidity,  as  well  as  in  ita 

>  In  Milne  Edwarda,  Le^ns  aur  la  Phjalotogie,  &o.,  toI.  !▼.  p.  86- 
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■physical  and  cbemienl  phenomena,  in  different  parts  of  the  circu- 
latory apparatus.  We  have  already  seen  how  much  the  form  of 
the  capillary  plexus  varies  in  different  organs.  In  some  the  vascu- 
lar network  is  close,  in  others  comparatively  open.  In  some  ita 
meshes  are  circular  in  shape,  in  others  y-nvlygonal,  in  others  rectan- 
gular. In  some  the  vessels  are  arranged  in  twisted  loops,  in  otliers 
they  communicate  by  irregular  but  abundant  inosculations.  The 
mere  distance  from  the  heart  At  which  an  organ  is  situated  must 
mollify  to  some  extent  the  time  required  for  its  blood  to  return 
again  to  the  centre  of  the  circulation.  The  blood  which  passes 
through  the  coronary  arteries  and  the  capillaries  of  the  heart, 
for  example,  must  be  returned  to  the  right  auricle  in  a  compara- 
tively short  time";  while  that  which  is  carried  by  the  carotids  into 
the  capillary  system  of  the  head  and  neck,  to  return  by  the  jugulars, 
will  require  a  longer  interval.  That,  again,  which  descends  by  the 
abdominal  aorta  and  its  divisions  to  the  lower  extremities,  and 
which,  after  circulating  through  the  tissues  of  the  leg  and  foot, 
mounts  upward  through  the  whole  course  of  the  saphena,  femoral, 
iliac,  and  abdominal  veins,  must  be  still  longer  on  its  way;  while 
that  which  circulates  through  the  abdominal  digestive  organs  and 
is  then  collected  by  the  portal  system,  to  be  again  dispersed  through 
the  glandular  tissue  of  the  liver,  requires  undoubtedly  a  longer 
period  still  to  perform  ita  double  capillary  circulation.  The  blood, 
therefore,  arrives  at  the  right  side  of  the  heart,  from  different  parts 
of  the  body,  at  successive  intervals;  and  may  pass  several  times 
through  the  capillaries  of  the  heart  while  performing  a  single  cir- 
culation through  a  more  distant  organ. 

LOCAL  VARIATIONS   IN  TIIK   CAPILLARY  CIRCULATION. 

An  iinportant  class  of  phenomena  connected  with  this  part  of  the 
subject  consists  of  the  local  variations  in  the  capillary  circulation. 
These  variations  are  often  very  marked,  and  show  themselves  in 
many  different  parts  of  the  body.  The  pallor  or  suffusion  of  the 
face  under  mental  emotion,  the  congestion  of  the  mucous  membranes 
during  the  digestive  process,  and  the  local  and  defined  redness  of 
the  skin  produced  by  any  irritating  application,  are  all  instances  of 
this  sort.  These  changes  are  due  to  the  contraction  and  dilatation 
of  the  more  minute  arterial  branches  which  supply  the  part  with 
blood,  anddr  the  influence  of  nervous  action.  We  have  already 
seen  that  these  smaller  arteries  are  provided  with  organic  muscular 
fibres;  and  that  in  their  smallest  branches,  which  immediately  com* 
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composed  excit 


municate  with  the  capillaries, 

sively  of  such  muscular  fibres.  These  vessels,  therefore,  by  their 
state  of  comparative  contraction  and  dilatation,  regulate,  to  a  oer> 
tain  extent,  the  quantity  of  blood  admitted  to  a  part.  When  con- 
tracted, they  resist  more  strongly  the  impulsive  force  of  the  arterial 
current,  and  the  blood  enters  the  capillaries  in  smaller  quantity. 
When  dilated,  they  allow  a  freer  access  to  the  capillaries  and  admit 
the  blood  in  greater  abundance. 

The  alterations  in  the  calibre  of  the  smaller  arteries,  and  the 
consequent  variations  in  the  capillary  circulation,  are  caused  by  dif- 
ferent nervous  influences,  some  of  which  are  occasional  and  acci- 
dental, while  others  recur  with  a  certain  degree  of  regularity,  asio 
the  periodical  excitement  of  the  digestive  organs. 

These  changes  are  most  distinctly  manifested  in  the  periodical^ 
congestion  of  the  glandular  organs.     We  have  alreadv  shown  tbat^ 
all  tlie  glands  and  mucous  membranes  connected  with  the  digestive 
apparatus  are  in  a  state  of  unusual  vascular  excitement  while  seer©-] 
tion  and  digestion  are  going  on.     This  periodical  congestion,  whicl 
accompanies  the  functional  activity  of  the  organs,  can  readily  be  aee^l 
in  the  living  animal,  in  the  pancreas,  and  in  the  macous  membranes 
of  the  stomach  ami  smalt  intestine ;  the  tissues  of  these  parts  beingj 
visibly  redder  and  more  turgid  during  digestion  and  absorptiol 
than  in  the  fasting  condition. 

A  similar  variation  of  the  circulation  has  been  more  particalarlj 
studied  by  Bernard  iu  the  submaxillary  gland  of  the  dog.     Durir 
the  ordinary  c*indition  of  glandular  repose  he  found  that  it  requii 
sixty-five  seconds  to  obtain  five  cubic  centimetres  of  blood  from 
the  submaxillary  vein  ;  but,  when  the  gland  was  excited  to  funo-j 
tional  activity  by  galvanizing  the  tympanico- lingual  nerve 
tributed  to  its  tissue,  the  same  quantity  of  blood  was  didcliai 
by  the  vein  in  fifteen  seconds.'     Thus  the  quantity  of  blood  pa39>' 
ing  through  the  organ  in  a  given  time  was  rather  more  than  four 
times  as  great  while  the  gland  was  in  a  state  of  active  secrctioi^^ 
as  while  in  a  condition  t)f  repose.  ^^ 

This  increased  flow  of  blood  in  a  secreting  glandular  organ  ia 
accompanied  also  by  a  remarkable  change  in  its  appearonoe. 
During  repose  the  blix>d,  which  enters  the  submaxillary  gland  by 
the  arteries  of  a  bright  red  color,  is  change<l  in  its  tissue,  as  else- 
where, from  arterial  to  venous,  and  pasaea  out  by  the  veins  of  a 


■  L«(oiu  Bur  \n  Liqiiides  do  rOrgAnianie,  Paris,  I85d,  vol.  ii.  p.  272. 
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dark  purple  color.  But  at  the  moment  when  the  secretion  of  the 
gland  is  excited,  either  bj  galvanization  of  its  nerve  or  by  intro- 
ducing a  little  vinegar  into  the  mouth  of  the  animal,  the  blood  is 
not  only  discharged  in  larger  quantity,  but  passes  out  red  by  the 
veins,  so  as  hardly  to  be  distinguished  in  color  from  arterial  blood.' 
When  the  secretion  of  the  gland  is  suspended,  the  blood  in  its  vein 
again  becomes  dark-colored  as  before.  The  veins  returning  from 
the  mucous  membrane  of  the  mouth  have  also  been  observed  to 
become  red  during  the  active  secretion  of  the  buccal  follicles,  and 
to  resume  their  venous  color  after  its  cessation.  There  is  little 
doubt  that  the  same  thing  is  true  of  most,  if  not  all,  the  secreting 
glands,  and  that  the  blood  circulating  in  their  capillaries  is  changed 
from  red  to  blue  only  during  the  repose  of  the  glandular  organ  ; 
while  at  the  time  of  active  secretion  it  not  only  passes  through  the 
vessels  in  greater  abundance,  but  retains  its  ruddy  color  even  in 
the  veins. 

This  is  because,  during  the  period  of  glandular  repose,  the  blood 
performs  in  its  tissues  the  usual  functions  of  nutrition,  supplying 
the  materials  for  the  glandular  structure  and  also  for  the  peculiar 
substance  characteristic  of  its  secretion,  which  is  stored  up  in  its 
follicles.  It  therefore  undergoes  the  ordinary  changes  and  becomes 
altered  in  color  from  arterial  to  venous.  But  the  period  of  active 
discharge  from  the  gland  is  simply  a  period  of  vascular  congestion, 
when  the  blood  passes  in  larger  quantity,  and  its  watery  and  saline 
ingredients  exude  into  the  secretory  ducts,  bringing  with  them  at 
the  same  time  the  peculiar  materials  already  accumulated  in  the 
intervals  of  repose.  There  is  nothing  in  this  process  which  should 
produce  a  change  in  the  blood  from  arterial  to  venous,  and  it  con- 
sequently passes  into  the  veins  with  its  color  unaltered.  In  other 
words,  the  gland  is  alternately  in  two  different  conditions :  first,  a 
condition  of  repose,  in  which  the  small  quantity  of  blood  which  it 
contains  is  entirely  used  for  purposes  of  nutrition,  and  is  completely 
changed  from  red  to  blue ;  and,  secondly,  a  condition  of  activity, 
in  which  the  blood  in  its  vessels  is  suddenly  increased  to  three  or 
four  times  its  previous  quantity,  this  increased  amount  of  blood 
being  employed  simply  to  supply  the  fluids  of  the  secretion,  and 
therefore  passing  through  the  vessels  unchanged  in  color. 

The  blood  in  the  renal  veins  is  also  of  a  ruddy  hue,  nearly  iden- 
tical with  that  of  arterial  blood.    This  fact,  which  we  Jiave  often 

*  Bernard,  op.  oit.,  vol.  i.  chap.  xiv. 
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verified,  was  also  first  noticed  by  Bernard/     The  ruddy  hue  of 
the  blood  in  the  renal  veins  of  the  living  animal  is  readily  distin- 
guished from  the  dark  color  of  that  in  the  vena  cava  inferior,  or  io 
the  muscular  veins  of  the  neighborhood.     The  blood  circulates  ^ 
through  the  kidneys  for  the  double  purpose  of  nourishing  their  V 
tissue  and  of  discharging  the  watery  and  excrementitious  matters 
of  the  urine.     But  by  far  the  larger  proportion  is  employed  in  the 
latter  process,  and  accordingly  the  greater  part  of  the  bit 
turns  by  the  renal  veins  unaltered  in  color. 

On  the  other  hand,  the  venous  blood  coming  from  a  mu8cl«io 
a  state  of  contraction  i.s  exceedingly  dark-colored.  The  greater  the 
activity  of  the  muscular  system,  the  deeper  the  color  of  the  blood } 
returning  from  the  extremities.  When  the  muscles  are  in  a  state 
of  repose  or  complete  relaxation,  on  the  contrary,  the  change  is' 
much  less  marked.  Tlii.s  has  often  been  observed  in  cases  of  syn- 
cope, and  in  the  relaxation  produced  by  abundant  bleeding,  both 
in  man  and  in  the  lower  animals.  As  a  general  rule,  the  blood 
drawn  from  a  vein  is  at  first  dark-colored;  but  as  the  hemorrhftge 
goes  on  it  grows  lighter  in  color,  and,  if  the  bleeding  be  excesslTe, 
it  may  become  nearly  as  bri-^ht  as  arterial  blood. 

The  color  of  the  venous  blood,  as  we  have  already  shown,  de- 
pends on  the  disappearance  of  its  oxygen  and  the  presence  of  car- 
bonic acid.     These  changes  take  place  generally  in  the  process  of 
nutrition  throughout  the  body,  and  in  the  muscles  during  con- 
traction.   In  the  lungs,  on  the  other  hand,  the  change  ia  directly 
the  reverse,     Eere  the  carbonic  acid  is  discharged  and  oxygen 
absorbed ;  and  consequently  the  color  of  the  blood  changes  frot 
venous  to  arterial.     In  the  kidney.s,  again,  while  the  discharge 
urine  is  going  on  with  activity,  and  in  the  glands  during  secretion 
the  disap]>earance  of  oxygen  and  the  production  of  carbouio 
are  secondary  in  importance  to  other  and  more  active  changes d 
and  the  blood  of  these  organs  accordingly  retains,  in  great  meosui 
its  arterial  hue. 

Both  the  physical  and  chemical  phenomena,  therefore,  of  tike  cir- 
culation vary  at  different  times  and  in  dififerent  organs.  The 
actions  of  transformation  and  decomposition,  of  nutrition  and  secre- 
tion, of  endosmosis  and  exosmosis,  which  go  on  simultaneonslj 
throughout  the  body,  are  yet  extremely  varied  in  their  character, 
and  produce  a  similar  variation  in  the  phenomena  of  the  circala- 
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fluid  than  it  absorbs 


Fig.  1(W. 


one  organ  the  blood  loses  more 
another  it  absorbs  more  than  it  loses.  The  venous  blood,  conse- 
quently, has  a  dift'erent  eornpositioa 
as  it  returns  from  different  orijans. 
In  the  brain  and  spiual  cord  it  gives 
up  the  ingredients  necessary  for  the 
nutrition  of  the  nervous  matter,  and 
absorbs  cholesterine  and  other  mate- 
rials resulting  from  its  waste;  in  the 
muscles  it  loses  the  substanoes  neces- 
sary for  the  supply  of  the  muscular 
tissue,  and  in  the  boues  those  which 
are  requisite  for  the  osseous  system. 
In  the  parotid  gland  it  y  iolda  the  ingre- 
dients of  the  saliva;  in  the  kidneys, 
those  of  the  urine.  In  the  intestine 
it  absorbs  in  large  quantity  the  nu- 
tritious elements  of  the  digested  food ; 
and  in  the  liver  it  gives  up  sub- 
stuuces  destined  finally  to  produce  the 
bile,  while  it  absorbs  the  sugar  which 
has  been  produced  in  the  hepatic  tis- 
sue. In  the  lungs  it  changes  from 
blue  to  red,  and  in  the  capillaries  of 
the  general  system,  from  red  to  blue ; 
while  its  temperature,  as  we  have  al- 
ready remarked,  varies  in  different 
veins,  according  to  the  peculiar  chem- 
ical and  nutritive  changes  going  on 
in  the  organs  from  which  they  origi- 
nate. 

We  must  regard  the  circulation 
of  the  blood,  therefore,  not  as  a 
simple  process,  but  as  made  up  of 
many  different  circulations,  going 
on  simultaneously  in  different  or- 
gans. This  may  be  represented  in  j,,.^^„  ^  .,,  c,.ccwt.o,.-i 
diagram,  as  in  Fig.  109,  where  the  H««ri.   2.  Lnnx*.    3   iic»d  »nci  opper 

-    ^.  -  .,  .  ,    ^.  .        j.»     «xli«inl(l«a.    4.  SplMD.    a    toWstlne.     «. 

variations  of  the  circulation,  in  dif-  ^^^  7.  tower  ««™mm...   s.  Lw.r. 

ferent  parts  of  the  body,  are  indicated 

in  such  a  manner  as  to  show,  in  some  degree,  the  complicated  char- 
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acter  of  its  phenomena.     The  circulation  is  modified  in  these  dif- 
ferent parts,  not  only  in  its  nieclianism,  but  also  in  its  rapidity  an^ 
quantity,  and  in  the  nutritive  functions  performed  by  the  blood^ 
In  one  part,  it  stimulates  the  nervous  centres  and  the  orguns  o^ 
special  sense  ;  in  others  it  supplies  the  fluid  secretions,  or  the  ia.  — 
gredients  of  the  solid  tissues.    One  portion,  in  passing  through  th^^ 
digestive  apparatus,  abaurbs  the  materials  requisite  for  the  nour— — 
ishment  of  the  body;  another,  m  circulating  through  the  lungs- r^« 
exhales  the  carbonic  acid  which  it  has  accumulated  elsewhere, i 
absorbs  the  oxygen  which  is  to  be  transported  to  distant  tissoes- 
The  phenomena  of  the  circulation  are  even  liable,  as  we  have  al- 
ready seen,  to  periodical  variations  in  the  same  organ ;  increasiDg 
or  diminishing  in  intensity  with  the  condition  of  rest  or  activiti 
of  the  whole  body,  or  of  the  particular  organ  which  is  the  subje 
of  observation. 
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CHAPTER   XV. 

BITION  AND  EXHALATION.— THE  LYMPHATIC 
SYSTEM. 

BIKO  the  passage  of  the  blood  through  the  capillaries  of  the 
atorj  system,  a  very  important  series  of  changes  takes  place 
lich  its  ingredients  are  partly  transferred  to  the  tissues  by 
ation,  and  at  the  same  time  replaced  by  others  which  the  blood 
38  by  absorption  from  the  adjacent  parts.  These  phenomena 
,d  upon  the  property,  belonging  to  animal  membranes,  of 
ting  or  absorbing  certain  fluid  substances  in  a  peculiar  way. 
are  known  more  particularly  as  the  phenomena  of  endosmosis 
xosmosis. 

ese  phenomena  may  be  demonstrated  in  the  following  way. 

take  two  different  liquids,  for  example  a  solution  of  salt  and 

mtity  of  distilled  water,  and  inclose  them  in  a  glass  vessel 

I  fresh  animal  membrane  stretched  between,  so  that  there  is 

rect  communication  from  one  to  the  other,  the  two  liquids 

in  contact  with  opposite  sides  of  the  membrane,  it  will  be 

after  a  time  that  they  have  become  mingled,  to  a  certain 

:>  with  each  other.     A  part  of  the  salt  will  have  passed 

le  distilled  water,  giving  it  a  saline  taste ;  and  a  part  of  the 

will  have  passed  into  the  saline  solution,  making  it  more 

than  before.     If  the  quantities  of  the  two  liquids,  which 

become  so  transferred,  be  measured,  it  will  be  found  that  a 

iratively  large  quantity  of  the  water  has  passed  into  the 

solution,  and  a  comparatively  small  quantity  of  the  saline 

on  has  passed  out  into  the  water.    That  is,  the  water  passes 

d  to  the  salt  more  rapidly  than  the  salt  passes  outward  to  the 

.    The  consequence  is,  that  an  accumulation  soon  begins  to 

itself  on  the  side  of  the  salt.    The  saline  solution  is  increased 

lume  and  diluted,  while  the  water  is  diminished  in  volume, 

loquires  a  saline  ingredient.    This  abundant  passage  of  the 

',  through  the  membrane,  to  the  salt,  is  called  endosmosis  ;  and 
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the  more  scanty  passage  of  the  salt  outward  to  the  water  is  cal1e<l 

The  mode  usually  adopted  for  measuring  the  rapidity  of  endos- 
mosis  la  to  take  a  glass  vessel,  shaped  somewhat  like  an  iDTerted 
funnel,  wide  at  the  bottom  and  narrow  at  the  top.     The  bottom  of 
the  vessel  is  closed  by  a  thin  animal  membrane,  like  the  muoou3 
membrane  of  an  ox-bladder,  which  ia  stretched  tightly  over  its  edge 
and  secured  by  a  ligature.     From  the  top  of  the  vessel  there  riaca 
a  very  narrow  glass  tube,  open  at  its  upper  extremity.     When  the 
mstrument  is  thus  prepared,  it  is  filled  with  a  solution  of  sugar 
and  placed  in  a  vessel  of  distilled  water,  so  that  the  animal  mem- 
brane, stretched  across  its  mouth,  shall  be  in  contact  with  pure 
water  on  one  side  and  with  the  saccharine  solution  on  the  other. 
The  water  then  passes  in  through  the  membrane,  by  et^dosmosis, 
faster  than  the  saccharine  solution  passes  out.     An  accumulatioQ 
therefore  takes  place  inside  the  vessel,  and  the  level  of  the  fluid j 
rises  in  the  upright  tube.     The  height  to  which  the  fluid  thus  rises] 
in  a  given  time  is  a  measure  of  the  intensity  of  the  endosmosis,  and] 
of  its  excess  over  exosmosis.     By  varying  the  constitution  of  the 
two  liquids,  the  arrangement  of  the  membrane,  &c.,  the  variattoa 
in  endosmotic   action   under    diflerent    conditions   may  be  easily] 
ascertained.     Such  an  instrument  is  called  an  endosmomittr. 

If  the  extremity  of  the  upright  tube  be  bent  over,  so  as  to  point ' 
downward,  as  endosmosis  continues  to  go  on  after  the  tube  has 
become  entirely  filled  by  the  rising  of  the  fluiii,  the  saccharine  solu- 
tion will  be  discharged  iu  drops  from  the  end  of  the  tube,  and  fall 
back  into  the  vase  of  water.  A  steady  circulation  will  thus  be 
kept  up  for  a  time  by  the  force  of  endosmosis.  The  water  still 
passes  through  the  membrane,  and  accumulates  in  the  endo>smo-^ 
meter;  but,  as  this  is  already  full  of  fluid,  the  surplus  immediately^ 
falls  back  into  the  outside  vase,  and  thus  a  current  is  established 
which  will  go  on  until  the  two  liquids  have  become  intimately 
mingled. 

The  conditions  which  influence  the  rapidity  and  extent  of  endos- 
mosis have  been  most  thoroughly  investigated  by  Dutrochcl»  wlio 
was  the  first  to  make  a  systematic  examination  of  the  subject. 

The  first  of  these  conditions  is  the  freshneat  of  the  animal  mem- 
hrane.     This  is  an  indispensable  requisite  for  the  success  of  the  ex- 
periment.   A  membrane  that  has  been  dried  and  moistened  again,  or 
one  that  has  begun  to  putrefy,  will  not  produce  the  desired  efiect.  Il^| 
has  been  also  found  that  if  the  membrane  of  the  endosmometer  be 
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allowed  to  remain  and  soak  in  the  fluids,  after  the  column  has  risen 
to  a  certain  height  in  the  upright  tube,  it  begins  to  descend  again 
as  soon  as  putrefaction  commences,  and  the  two  liquids  finally  sink 
to  the  same  level. 

The  next  condition  is  the  extent  of  contact  between  the  membrane 
and  the  two  liquids.  The  greater  the  extent  of  this  contact,  the 
more  rapid  and  forcible  is  the  current  of  endosmosis.  An  endos- 
mometer  with  a  wide  mouth  will  produce  more  effect  than  with  a 
narrow  one,  though  the  volume  of  the  liquid  contained  in  it  may 
be  the  same  in  both  instances.  The  action  takes  place  at  the 
surface  of  the  membrane,  and  is  proportionate  to  its  extent. 

Another  very  important  circumstance  is  the  constitxUion  of  the  two 
liquids,  and  their  relation  to  each  other.  As  a  general  thing,  if  we 
use  water  and  a  saline  solution  in  our  experiments,  endosmosis  is 
more  active,  the  more  concentrated  is  the  solution  in  the  endosmo- 
meter.  A  larger  quantity  of  water  will  pass  inward  toward  a  dense 
solution  than  toward  one  which  is  dilute.  But  the  force  of  endos- 
mosis varies  with  different  liquids,  even  when  they  are  of  the  same 
density.  Dutrochet  measured  the  force  with  which  water  passes 
through  the  mucous  membrane  of  the  ox-bladder  into  different 
solutions  of  the  same  density.  He  found  that  the  force  varies  with 
different  substances,  as  follows :  *  — 

Endoamoais  of  water,  with  a  solntion  of  albamen  12 

«  "  "  sagar     ...        11 

««  «  ««  gnm       ...  5 

«  "  "  gelatine  .        .  3 

The  position  of  the  membrane  also  makes  a  difference.  With  some 
fluids,  endosmosis  is  more  rapid  when  the  membrane  has  its  mucous 
surface  in  contact  with  the  dense  solution,  and  its  dissected  surface 
in  contact  with  the  water.  With  other  substances  the  more  favor- 
able position  is  the  reverse.  Matteucci  found  that,  in  using  the 
mucous  membrane  of  the  ox-bladder  with  water  and  a  solution  of 
sugar,  if  the  mucous  surface  of  the  membrane  were  in  contact  with 
the  saccharine  solution,  the  liquid  rose  in  the  endosmometer  between 
four  and  five  inches.  But  if  the  same  surface  were  turned  outward 
toward  the  water,  the  column  of  fluid  was  less  than  three  inches  in 
height.  Different  membranes  also  act  with  different  degrees  of  force. 
The  effect  produced  is  not  the  same  with  the  integument  of  different 
animals,  nor  with  mucous  membranes  taken  from  different  parts  of 
the  body. 

*  In  Uatteueci's  Leotnres  on  the  Physical  Phenomena  of  Living  Beings.    Philada., 
1648,  p.  48. 
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Generally  speaking,  eiulosmosis  is  more  active  when  the  frmptr- 
ature  is  moderately  elevated.  Dutrocliet  noticed  that  an  end 
meter,  coDUdning  a  solution  of  gum,  absorbed  only  one  volui 
water  at  a  temperature  oF  32°  Fahr.,  but  absorbed  three  volame« 
at  a  temperature  a  little  above  90*.  Variations  of  temperature  will 
sometimes  even  change  the  direction  of  the  endosmosis  altogether, 
particularly  wit!i  dilate  solutions  of  hydrochloric  acid.  iJuirwihci 
found,  for  example,'  that  when  the  endosmometer  was  fille<l  with 
dilute  hydrochloric  acid  and  place<l  in  distilled  water,  at  the  tem- 
perature of  50*  F.,  endosmosia  took  place  from  the  acid  to  the  water, 
if  the  density  of  the  acid  solution  were  less  than  1.020;  but  that  it 
took  place  from  the  water  to  the  acid,  if  its  density  were  greater 
than  this.  On  the  other  hand,  at  the  temperature  of  72*  K  the 
current  was  from  within  outward  when  the  density  of  the  acid  solu- 
tion WHS  below  1.0(»3,  and  from  without  inward  when  it  was  above 
that  point. 

Finally,  the  pressure  which  is  exerted  upon  the  fluids  and  tb« 
membrane  favors  their  endosmosis.  Fluids  that  puss  slowly  under 
a  low  pressure  will  pass  uvore  rapidly  with  a  higher  one.  Differeui 
liquids,  too,  require  diftcrent  degrees  of  pressure  to  make  them 
pass  the  same  membrane.  Liebig*  has  mea.sured  the  pressure  P^ 
quired  for  several  different  liquids,  iu  order  to  make  them  pa« 
through  the  same  membrane,     lie  found  that  thb  pressure  was 

IicBm  or  MttcciT. 

For  alcobol 62 

For  oil 37 

For  solution  of  s&lt 20 

For  water 13 

There  are  some  cases  in  which  endosmosis  takes    place  witb 
out  being  accompanied  by  exosmosis.     This  occurs  when  "we  uw 
water  and  albumen  as  the  two  liquids.     For  while  water  readtl 
passes  in  through  the  animal  membrane,  the  albumen  doea  m 
pass  out.    If  an  opening  be  made,  for  example,  in  the  large  en 
of  an  egg,  so  as  to  expose  the  shell-membrane,  and  the  whole 
then  placed  in  a  goblet  of  water,  endosmosis  will  take  place  ver 
freely  from  the  water  to  the  albumen,  so  as  to  distend  the  shell 
membrane  and  make  it  protrude,  like  a  hernia,  from  the  opening  i 
the  shell.     But  the  albumen  does  not  pass  outward  through  tin 
membrane,  and  the  water  in  the  goblet  remains  pure.    After  a  ti 

*  In  Milne  Edwards,  Le(;oi]n  anr  tn  Physiologie,  ke,,  vol.  t.  p.  164. 

*  In  Longufa  Traits  de  Ph/Blologle,  vol.  \,  p.  384. 
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liowever,  the  accumulation  of  fluid  in  the  interior  becomes  so  ex^ 
cessive  as  to  burst  the  ahell-menibraDe,  and  then  the  two  liquids 
become  mingled  with  each  other. 

These  are  the  principal  conditions  by  which  endosraosis  is  influ- 
enced and  regulated.  Let  us  now  see  what  is  the  nature  of  the 
process,  and  upon  what  its  phenomena  depend. 

Endosmosi>i  is  not  dependent  upon  tlie  simple  force  of  difTusion 

or  admixture  of  two  different  !iqui<ls.     For  sometimes,  as  in  the 

LCase  of  albumen  and  water,  nit  the  fluid  passes  in  one  direction  and 

■ne  in  the  other.  It  is  true  that  the  activity  of  the  process  de- 
pends very  much,  as  we  have  already  seen,  upon  the  difference  in 
constitution  of  the  two  liquids.  With  water  and  a  saline  solution, 
for  instance,  the  stronger  the  solution  of  salt,  the  more  rapid  is  the 
eudosmosis  of  the  water.  And  if  two  solutions  of  .salt  be  used, 
with  a  membranous  septum  between  them,  endosrnosis  takes  place 
from  the  weaker  solution  to  the  stronger,  and  is  proportionate  in 
Bctivity  to  the  difterence  in  their  densities.  From  this  fact,  Dutro- 
ehet  was  at  first  led  to  believe  that  the  direction  of  endosmosis  was 
determined  by  the  difterence  in  density  of  the  two  liquids,  and  that 
the  current  of  accumulation  was  always  directed  from  the  lighter 
liquid  to  the  denser.  But  we  now  know  that  this  is  not  the  case. 
For  though,  with  solutions  ol"  salt,  sugar,  and  the  like,  the  current 
of  endosmosis  is  from  the  lighter  to  the  denser  liquid ;  in  other 
instances  it  is  the  reverse.  "With  water  and  alcohol,  for  example 
endosmosis  takes  place,  not  from  the  alcohol  to  the  water,  but  from 
rhe  wat«r  to  the  alcohol ;  that  is,  from  the  denser  liquid  to  the  lighter. 
^Tbe  difterence  in  density  of  the  liquids,  therefore,  is  not  the  only 
c<Jtidition  which  regulates  the  direction  of  the  endosmotic  current. 
In  point  of  fact,  the  process  of  endosmosis  does  not  depend  princi- 
pally i^on  the  attraction  of  the  two  liquids  for  each  other,  hut 
upon  the  attraction  of  the  aniTnal  membrane /or  the  two  liquids.  The 
membrane  is  not  a  passive  filter  through  which  the  liquids  mingle, 
but  ia  the  active  agent  which  determines  their  passage.  The  mem- 
braoe  has  the  power  of  absorbing  liquids,  and  of  taking  them  uj-> 
into  ii3  QYfxx  substance.  This  power  of  absorption,  belonging  to  the 
fflem  1-jj.j^jjg^  depends  upon  the  organic  or  albuminous  ingredients 
^^'tiich  it  is  composed;  and,  with  different  animal  substances,  the 
I  ^T  of  absorption  is  different.  The  tissue  of  cartilage,  for  exam- 
AviU  absorb  more  water,  weight  for  weight,  than  that  of  the 


pie. 

m 


ona ;  and  the  tissue  of  the  cornea  will  absorb  nearly  twice  at3 


'^li  as  that  of  cartilage. 
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Beside,  the  power  of  absorption  of  an  animal  membrane  is  dif- 
ferent for  diflerent  liquids.  Nearly  all  animal  merabranea  absorb ' 
pure  water  more  freely  than  a  solution  of  salt.  If  a  membrane^ 
partly  dried,  be  placed  in  a  saturated  sjiline  solution,  it  will  absorb 
the  water  in  larger  proportion  than  the  salt,  and  a  part  of  the  sail 
will,  therefore,  bo  deposited  in  the  form  of  crystals  on  the  surface 
of  the  membrane. 

Oily  matters,  on  the  other  hand,  are  usually  absorbed  less  rea^UjT 
than  either  water  or  saline  solutions. 

Chevreuil  ha3  investigated  the  absorbent  power  of  difTerent 
animal  substances  for  diflerent  liquids,  by  taking  definito  quanti- 
ties of  the  animal  substance  and  immersing  it  for  twenty-four 
hours  in  different  liquids.  At  the  end  of  that  time,  the  sube^tance 
waa  removed  and  weighed.  Its  increase  in  weight  showed  the 
quantity  of  liquid  which  it  had  absorbed.  The  results  which  were 
obtained  are  given  in  the  following  table;—' 


Parts  op 

Watib. 

Salim  Solotiov. 

On- 

Carlilage, 

^ 

r  231  parts. 

125 

p»rtB. 

Teudon, 

178     " 

114 

•1 

8.6paru. 

Blastio  ligament, 

absorb  in 

148     " 

30 

<i 

7.2     " 

Cornea, 

24  hoars, 

461     " 

370 

M 

9.1      - 

Cartiiaginoufi  llga 

ment, 

319     " 

3.2     " 

Dried  fibrin, 

. 

.  301      " 

154 

M 

The  same  substance,  therefore,  will  take  up  different  quantit 
of  water,  saline  solutions,  and  oil. 

Accordingly,  when  an  animal  membrane  is  placed  in  contact 
with  two  different  liquids,  it  absorbs  one  of  them  more  abundantlj  I 
thuu  the  other ;  and  that  which  is  absorbed  in  the  greatest  quantity  ^ 
is  also  diffused  most  abundantly  into  the  liquid  on  the  oppoeiie  side] 
of  the  membrane.  A  rapid  endosmosia  takes  place  in  one  direo 
tion,  and  a  slow  exoamosia  in  the  other.  Consequently,  the  least 
absorbable  fluid  increases  in  volume  by  the  constant  adnalxttire  of  ^ 
that  which  is  taken  up  more  rapidly. 

The  process  of  endosmosia,  therefore,  is  essentially  one  of  im^ 
bibition  or  absorption  of  the  liquid  by  an  animal  membrane,  oom- 
posed  of  organic  ingredients.  We  have  already  shown,  in.  de- 
scribing the  organic  proximate  principles  in  a  previous  chapter, 
that  these  substances  have  the  power  of  absorbing  watery  and 
serous  fluids  in  a  peculiar  way.    In  endosmoeis,  accordingly,  the 

'  In  Longet'i  Traitu  de  Phvsiolngie,  vol.  1.  p.  383. 
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imbibed  fluid  penetrates  the  membrane  by  a  kind  of  chemical 
combination,  and  unites  intimately  with  the  substance  of  which  its 
tissues  are  composed. 

It  is  in  this  way  that  all  imbibition  and  transudation  take  place 
in  the  living  body.  Under  the  most  ordinary  conditions,  the  transu- 
dation of  certain  fluids  is  accomplished  with  great  rapidity.  It  has 
been  shown  by  M.  Gosselin,'  that  if  a  watery  solution  of  iodide  of 
potassium  be  dropped  upon  the  cornea  of  a  living  rabbit,  the 
iodine  passes  into  the  cornea,  aqueous  humor,  iris,  lens,  sclerotic 
and  vitreous  body,  in  the  course  of  eleven  minutes;  and  that  it 
■will  penetrate  through  the  cornea  into  the  aqueous  humor  in  three 
minutes,  and  into  the  substance  of  the  cornea  in  a  minute  and  a 
half.  In  these  experiments  it  was  evident  that  the  iodine  actually 
passed  into  the  deeper  portions  of  the  eye  by  simple  endosmosis, 
and  was  not  transported  by  the  vessels  of  the  general  circulation ; 
since  no  trace  of  it  could  be  found  in  the  tissues  of  the  opposite 
eye,  examined  at  the  same  time. 

The  same  observer  showed  that  the  active  principle  of  belladonna 
penetrates  the  tissues  of  the  eyeball  in  a  similar  manner.  M.  Gros- 
selin  applied  a  solution  of  sulphate  of  atropine  to  both  eyes  of  two 
rabbits.  Half  an  hour  afterward,  the  pupils  were  dilated.  Three 
quarters  of  an  hour  later,  the  aqueous  humor  was  collected  by 
puncturing  the  cornea  with  a  trocar;  and  this  aqueous  humor, 
dropped  upon  the  eye  of  a  cat,  produced  dilatation  and  immobility 
of  the  pupil  in  half  an  hour.  These  facts  show  that  the  aqueous 
humor  of  the  affected  eye  actually  contains  atropine,  which  it 
absorbs  from  without  through  the  conjea,  and  this  atropine  then 
acts  directly  and  locally  upon  the  muscular  fibres  of  the  iris. 

But  in  all  the  vascular  organs,  the  processes  of  endosmosis  and 
exosmosis  are  very  much  accelerated  by  two  important  conditions, 
viz.,  first,  the  movement  of  the  blood  circulating  in  the  vessels,  and 
secondly,  the  minute  dissemination  and  distribution  of  these  vessels 
through  the  tissue  of  the  organs. 

The  movement  of  a  fluid  in  a  continuous  current  always  favors 
endosmosis  through  the  membrane  with  which  it  is  in  contact.  For 
if  the  two  liquids  be  stationary,  on  the  opposite  sides  of  an  animal 
membrane,  as  soon  as  endosmosis  commences  they  begin  to  ap- 
proximate in  constitution  to  each  other  by  mutual  admixture;  and, 
as  this  admixture  goes  on,  endosmosis  of  course  becomes  less  active, 

'  Oazetto  Hebdomadaire,  Sept.  7, 1855. 


IMBIBITION    AND    EXHALATION. 

ari'l  ceiisea  entirely  when  the  two  liquids  have  become  f>erfect]jr 
aliko  ill  composition.  But  if  one  of  the  liquids  be  oonstantlr 
renewed  by  a  coutiuuous  current,  those  portioDs  of  it  wbicb  bare 
become  coutaminated  are  immediately  carried  away  by  tbe  stream, 
and  replaced  by  fresh  portions  in  a  state  of  purity.  Thus  the 
diflbrenco  in  constitulioa  of  the  two  liquids  is  preserved,  aod 
transudation  will  continue  to  take  place  between  tbem  with  una- 
bated rapidity. 

Malteucci  demonstrated  the  effect  of  a  current  in  faciJitating 
endosmosia  by  attaching  to  the  stopcock  of  a  glass  reservoir  filled 
with  water,  a  portion  of  a  vein  also  filled  with  water.  The  vein 
was  then  immersed  in  a  very  dilute  solution  of  hydrochloric  add 
So  long  as  the  water  remained  stationary  in  the  vein  it  did  not  give 
any  indicutiona  of  the  presence  of  the  acid,  or  did  so  only  very  fl 
slowly ;  but  if  a  current  were  allowed  to  pass  through  the  vein  by  ™ 
opening  the  stopcock  of  the  reservoir,  then  the  fluid  running  from 
its  extremity  almost  immediately  showed  an  acid  reaction.  fl 

The  same  thing  may  be  shown  even  more  distinctly  upon  the 
living  animal.  If  a  solution  of  the  extract  of  nux  vomica  be  in- 
jected into  the  subcutaneous  areolar  tissue  of  the  hind  leg  of  two 
rabbitj<,  in  one  of  which  the  bloodvessels  of  the  extremity  have 
been  lull  free,  while  in  t!ie  other  they  have  been  previously  tied, 
so  us  to  atop  the  circulation  in  that  part^ — in  the  first  rabbit,  tbe  fl 
poison  will  be  absorbed  and  will  produce  convulsions  and  death  in 
the  course  of  a  few  minutes;  but  in  the  second  animal,  owing  t4>  the 
stoppage  of  the  local  circulation,  absorption  will  be  much  retarded, 
and  the  poison  will  find  its  way  into  the  general  circulation  so 
slowly,  and  in  such  small  quantities,  that  its  specific  effects  will  show 
themselves  only  at  a  late  period,  or  even  may  not  be  produced  at  all. 

The  anatomical  arrangement  of  the  bloodvessels  and  adjaoeot  fl 
tissues  is  the  second  important  condition  regulating  endosmoois 
and  exosmosis.  We  have  already  seen  that  the  network  of  capil* 
lary  bloodvessels  results  from  the  excessive  diyision  and  ramifi* 
cation  of  the  smaller  arteries.  The  blood,  therefore,  as  it  lemvea 
the  arteries  and  enters  the  capillaries,  is  constantly  divided  into 
smaller  and  more  numerous  currents,  which  are  finally  dissemi« 
nated  in  the  most  intricate  manner  throughout  the  substance  of  tbe 
organs  and  tissues.  Thus,  the  blood  is  brought  into  intimate  con- 
tact with  the  surrounding  tissues,  over  a  comparatively  large  sur- 
face. It  has  already  been  stated,  as  the  result  of  DutrocheVs  inves- 
tigations, that  the  activity  of  endosmoeis  is  in  direct  proportion  to 
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the  extent  of  surface  over  which  the  two  liquids  come  in  contact 
with  the  intervening  membrane.  It  is  very  evident,  therefore,  that 
it  will  be  very  much  facilitated  by  the  anatomical  distribution  of 
the  capillary  bloodvessels. 

It  is  in  some  of  the  glandular  organs,  however,  that  the  transu- 
dation of  fluids  can  be  shown  to  take  place  with  the  greatest  rapi- 
dity. For  in  these  organs  the  exhaling  and  absorbing  surfaces  are 
arranged  in  the  form  of  minute  ramifying  tubes  and  follicles,  which 
penetrate  everywhere  through  the  glandular  substance ;  while  the 
capillary  bloodvessels  form  an  equally  complicated  and  abundant 
network,  situated  between  the  adjacent  follicles  and  ducts.  In  this 
way,  the  union  and  interlacement  of  the  glandular  membrane,  on 
the  one  hand,  and  the  bloodvessels  on  the  other,  become  exceed- 
ingly intricate  and  extensive ;  and  the  ingredients  of  the  blood  are 
almost  instantaneously  subjected,  over  a  very  large  surface,  to  the 
infiaence  of  the  glandular  membrane. 

The  rapidity  of  transudation  through  the  glandular  membranes 
has  been  shown  in  a  very  striking  manner  by  Bernard."  This  ob- 
server injected  a  solution  of  iodide  of  potassium  into  the  d»ict  of 
the  parotid  gland  on  the  fight  side,  in  a  living  dog,  and  immediately 
afterward  found  iodine  to  be  present  in  the  saliva  of  the  correspond- 
ing gland  on  the  opposite  side.  In  the  few  instants,  therefore,  re- 
quired to  perform  the  experiment,  the  salt  of  iodine  must  have 
been  taken  up  by  the  glandular  tissue  on  one  side,  carried  by  the 
blood  of  the  general  circulation  to  the  opposite  gland,  and  there 
transuded  through  the  secreting  membrane. 

We  have  also  found  the  transudation  of  iodine  through  the 
glandular  tissue  to  be  exceedingly  rapid,  by  the  following  experi- 
ment The  parotid  duct  is  exposed  and  opened,  upon  one  side, 
in  a  living  dog,  and  a  cannla  inserted  into  it,  and  secured  b}'  liga- 
ture. The  secretion  of  the  parotid  saliva  is  then  excited,  by  in- 
troducing a  little  vinegar  into  the  mouth  of  the  animal,  and  the 
saliva,  thus  obtained,  found  to  be  entirely  destitute  of  iodine.  A 
flolution  of  iodide  of  potassium  being  then  injected  into  the  jugu- 
lar vein,  and  the  parotid  secretion  again  immediately  excited  by 
the  introduction  of  vinegar,  as  before,  the  saliva  first  discharged 
from  the  canula  shows  evident  traces  of  iodine,  by  striking  a  blue 
color  on  the  addition  of  starch  and  nitric  acid. 

The  processes  of  exosmosis  and  endosmosis,  therefore,  in  the  living 

'  Le;oi>s  de  Pbyaiologie  Ezp^rimenUle,  Paris,  1856,  p.  107. 
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body,  are  regulated  by  the  snrne  conditions  as  in  artificial  experi- 
meuts,  but  they  take  placo  with  iiifiuitely  greater  rapidity,  owing  to 
the  movement  of  the  circulating  blood,  and  the  extent  of  conuot 
existing  between  the  bloodvessels  and  adjacent  tissues.     We  have 
already  seen  that  the  absorption  of  the  same  fluid  is  accomplisbed 
with  different  degrees  of  rapidity  by  different  animal  substanca. 
Accordingly,  thougli  the  arterial  blood  is  everywhere  theaameiu 
composition,  yet  its  diflereni  ingredients  are  imbibed  in  varying 
quantities   by  the  different  tissues.      Thus,  the  cartilages  absorb 
from  the  circulating  fluid  a  larger  proportion  of  phosphate  of  lime 
than  the  softer  tissues,  and  the  bones  a  larger  proportion  than  tie 
cartilages;   and   the  watery  and  saline  ingredients  generally  are 
found  in  different  quantities  in  different  parts  of  the  body.    Tbe 
same  animal  membrane,  also,  as  is  shown  by  experiment,  will  im- 
bibe different  substances  with  different  degrees  of  facility.    Tha& 
the  blood  contains  more  chloride  of  sodium  than  chloride  of  potas- 
sium; but  the  muscles,  which  it  supplies  with  nourishment,  con- 
tain  more  chloride  of  potassium  than  chloride  of  sodium.     In  ibis 
way,  tbe  proportion  of  each  ingredient  derived  from  the  blood  ii 
determined,  in  each  separate  tissue,  by  its  special  absorbing  or  en- 
doamotic  power. 

Furthermore,  we  have  seen  that  albumen,  under  ordinary  condi- 
tions, is  not  endosmotic;  that  is,  it  will  not  pass  by  transudatioa 
through  an  animal  membrane.  For  the  same  reason,  the  albumen 
of  the  blood,  in  the  natural  state  of  the  circulation,  is  not  exhaled 
from  the  secreting  surfaces,  but  is  retained  within  the  circalatoTj^S 
system,  while  the  watery  aud  saline  ingredients  transude  in  varying™ 
quantities.  But  the  degree  of  pressure  to  which  a  fluid  is  subjected 
has  great  influence  in  determining  its  endosmotic  action.  A  sub- 
Btance  which  passes  but  slowly  under  a  low  pressure,  may  pass 
more  rapidly  if  the  force  be  increased.  Accordingly,  we  find 
that  if  the  pressure  upon  the  blood  in  the  vessels  be  increased,  b; 
obstruction  to  the  venous  current  and  liackward  congestion  of  I 
c-apillaries,  then  not  only  the  saline  and  watery  parts  of  the  bl 
pass  out  in  larger  quantities,  but  the  albumen  itself  transudes, 
infiltrates  the  neigliboring  parts.  It  is  in  this  way  that  albumea 
makes  its  appearance  in  the  urine,  in  consequence  of  obstruction  lo 
the  renal  circulation,  and  that  local  oedema  or  general  anasarca 
may  follow  upon  venous  congestion  in  particular  regions,  or  upon 
general  disturbance  of  the  circulation. 

The  processes  of  imbibition  and  exudation,  which   tbas   tales 
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place  incessantly  througliout  the  body,  are  intimately  connected 
with  the  action  of  the  great  absorbent  or  lymphatic  system  of  ves- 
sels, which  is  to  be  considered  as  secondary  or  complementary  to 
that  of  the  sanguiferous  circulation. 

The  lymphatics  may  be  regarded  as  a  system  of  vessels,  com- 
mencing in  the  substance  of  the  various  tissues  and  organs,  and 
endowed  with  the  property  of  absorbing  certain  of  their  ingredi- 
ents. Their  commencement  has  been  demonstrated  by  injections, 
more  particularly  in  the  membranous  parts  of  the  body ;  viz.,  in 
the  skin,  the  mucous  membranes,  the  serous  and  synovial  surfaces, 
and  the  inner  tunic  of  the  arteries  and  veins.  They  originate  in 
these  situations  by  vascular  networks,  not  very  unlike  those  of  the 
capillary  bloodvessels.  Notwithstanding  this  resemblance  in  form 
between  the  capillary  plexuses  of  the  lymphatics  and  the  blood- 
vessels, it  is  most  probable  that  they  are  anatomically  distinct  from 
each  other.  It  has  been  supposed,  at  various  times,  that  there 
might  be  communications  between  them,  and  even  that  the  lymph- 
atic plexus  might  be  a  direct  continuation  of  that  originating  from 
tiie  smaller  arteries ;  but  this  has  never  been  demonstrated,  and  it 
is  now  generally  conceded  that  the  anatomical  evidence  is  in  favor 
of  a  complete  separation  between  the  two  vascular  systems. 

Commencing  in  this  way  in  the  substance  of  the  tissues,  by  a 
▼ascular  network,  the  minute  lymphatics  unite  gradually  with  each 
other  to  form  larger  vessels ;  and,  after  continuing  their  course  for 
a  certain  distance  from  without  inward,  they  enter  and  are  distri- 
buted to  the  substance  of  the  lymphatic  glands.  According  to  M. 
Colin,'  beside  the  more  minute  and  convoluted  vessels  in  each  gland, 
there  are  always  some  larger  branches  which  pass  directly  through 
its  substance,  from  the  afterent  to  the  efferent  vessels ;  so  that  only 
a  portion  of  the  lymph  is  distributed  to  its  ultimate  glandular 
plexus.  This  portion,  however,  in  passing  through  the  organ,  is 
evidently  subjected  to  some  glandular  influence,  which  may  serve 
to  modify  its  composition. 

After  passing  through  these  glandular  organs,  the  lymphatic 
vessels  unite  into  two  great  trunks  (Fig.  46) :  the  thoracic  duct,  which 
Dollects  the  fluid  from  the  absorbents  of  the  lower  extremities,  the 
intestines  and  other  abdominal  organs,  the  chest,  the  left  upper 
extremity,  and  the  lett  side  of  the  head  and  neck,  and  terminates 
in  the  left  subclavian  vein,  at  the  junction  of  the  internal  jugular ; 
and  the  right  lymphatic  duct,  which  collects  the  fluid  from  the  right 

>  Phjsiologie  coinpar6«  des  Animaux  domestiques,  Paris,  185rt,  Tnl.  H.  p.  68. 
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the  chyle  is  also  richer  tban  tlie  lymph  in  albuminous  mattera,  tbe 
priouipal  dilTerence  between  them  eousista  in  the  proportion  of  &t. 
This  ia  shown  by  the  following  comparative  analysis  of  the  Ijmph 
and  chjle  of  the  ass,  by  Dr.  Rees:' — 

Ltmpb.  Cbtu. 

Water *     .  965.36  902.37 

Albumen 12.00  3&.)6 

Fibrin 1.20  3.70 

Spirit  extract 2  40  3.32 

Water  extract 13.19  12.33 

Fat tnoes.  36.01 

Batiae  matter S.86  7.11 

1,000.00  1,(WO.OO 

When  a  canula,  accordingly,  is  introduced  into  the  thoracic  dnol 
at  various  periods  afler  feeding,  the  fluid  which  is  discharged  varies 
considerably,  both  in  appearance  and  quantity.     We  have  fouad 
thatj  in  the  dog,  the  fluid  of  the  thoracic  duct  never  becomes  qoite 
transparent,  l^ut  retains  a  very  marked  opaline  tinge  even  so  l&te 
as  eighteen  hours  after  feeding,  and  at  least  three  days  and  a  half 
after  the  introduction  of  fat  food.    Soon  after  feeding,  however,  ia 
we  have  already  seen,  it  becomes  whitish  and  opaque,  and  remaios 
so  while  digestion  and  absorption  are  in  progress.    It  also  beooinei 
more  abundant   soon  after  the  commencement   of  digestion,  but 
diminiahea  again  in  quantity  during  its  latter  stages.     We  have 
found  the  lymph  and  chyle  to  be  discharged  from  the  thoracic  duct, 
in  the  dog,  in  the  following  quantities  per  hour,  at  different  periods 
of  digestion.    The  quantities  are  calculated  in  proportion  to  the 
entire  weight  of  the  animal, 

PiB  TnocsAyn  PAAHi 

3^  hoon  after  feeding 2.45 

7       "        "  " 2.S0 

13        "        '•  " 0.99 

18        "        "  " 1.15 

18}      "        "  " 1.99 

It  would  thus  appear  that  the  hourly  quantity  of  lymph, 
diminishing  during  the  latter  stages  of  digestion,  increases  agaia^ 
somewhat,  about  the  eighteenth  hour,  though  it  is  still  considera- 
bly less  abundant  than  while  digestion  was  in  active  progress. 

The  lymph  obtained  from  the  thoracic  duct  at  all  periods  coagi 
lates  soon  after  its  withdrawal,  owing  to  the  fibrin  which  it  cont 

*  la  Colin,  op.  oit.,  vol.  il.  p.  18. 
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in  small  quantity.  After  cc^golation,  a  separation  takes  place  be- 
tween the  clot  and  serum,  precisely  as  in  the  case  of  blood. 

The  movement  of  the  lymph  in  the  lymphatic  vessels,  from  the 
extremities  toward  the  heart,  is  accomplished  by  various  forces. 
The  first  and  most  important  of  these  forces  is  that  by  which  the 
fluids  are  originally  absorbed  by  the  lymphatic  capillaries.  Through- 
out the  entire  extent  of  the  lymphatic  system,  an  extensive  process 
of  endosmosis  is  incessantly  going  on,  by  which  the  ingredients  of 
the  lymph  are  imbibed  from  the  surrounding  tissues,  and  com- 
pelled to  pass  into  the  lymphatic  vessels.  The  lymphatics  are  thus 
filled  at  their  origin ;  and,  by  mere  force  of  accumulation,  the  fluids 
are  then  compelled,  as  their  absorption  continues,  to  discharge 
themselves  into  the  large  veins  in  which  the  lymphatic  trunks 
terminate. 

The  movement  of  the  fluids  through  the  lymphatic  system  is 
also  favored  by  the  contraction  of  the  voluntary  muscles  and  the 
respiratory  motions  of  the  chest.  For  as  the  lymphatic  vessels  are 
parovided  with  valves,  arranged  like  those  of  the  veins,  opening 
toward  the  heart  and  shutting  backward  toward  the  extremities, 
the  alternate  compression  and  relaxation  of  the  adjacent  muscles, 
and  the  expansion  and  collapse  of  the  thoracic  parietes,  must  have 
the  same  effect  upon  the  movement  of  the  lymph  as  upon  that  of 
the  venous  blood.  By  these  different  influences  the  chyle  and 
lymph  are  incessantly  carried  from  without  inward,  and  discharged, 
in  a  slow  but  continuous  stream,  into  the  returning  current  of  the 
Tenons  blood. 

The  entire  quantity  of  the  lymph  and  chyle  has  been  found,  by 
direct  experiment,  to  be  very  much  larger  than  was  previously 
anticipated.  M.  Colin'  measured  the  chyle  discharged  from  the 
thoracic  duct  of  an  ox  during  twenty-four  hours,  and  found  it  to 
exceed  eighty  pounds.  In  other  experiments  of  the  same  kind,  he 
obtained  still  larger  quantities.*  From  two  experiments  on  the 
horse,  extending  over  a  period  of  twelve  hours  each,  he  calculate 
the  quantity  of  chyle  and  lymph  in  this  animal  as  from  twelve  to 
fifteen  thousand  grains  per  hour,  or  between  forty  and  fifty  pounds 
per  day.  But  in  the  ruminating  animals,  according  to  his  observa- 
tions, the  quantity  is  considerably  greater.  In  an  ordinary-sized 
oow,  the  smallest  quantity  obtained  in  an  experiment  extending  over 

>  Gaxette  Hebdomadaire,  April  24, 1857,  p.  286. 
*  CoUn,  op.  oit.,  vol.  ii.  p.  100. 
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a  period  of  twelve  hours,  was  a  little  over  9,000  grains  in 
minutes ;  tbat  is,  five  pounds  an  hour,  or  120  pounds  per  day.  In. 
another  experimentj  with  a  young  bull,  he  actually  obtained  a  littlt" 
over  100  pounds  from  a  fistula  of  the  thoracic  duct,  in  twenty-four 
hours. 

Wo  have  also  obtained  similar  results  by  experiments  upon  Xbe 
dog  and  goat.  In  a  young  kid,  weighing  fourteen  pounds^  we  h*Te 
obtained  from  the  thoracic  duct  1890  grains  of  lymph  in  three 
hours  and  a  half.  This  quantity  would  represent  540  grains  in  an 
hour,  and  12,690  grains,  or  1.85  pounds  in  twenty-four  hours;  and 
in  a  ruminating  animal  weighing  1000  pounds,  this  would  corre- 
spond to  132  pounds  of  lymph  and  chyle  discharged  by  the  thoracic 
duct  in  the  course  of  twenty-four  hours. 

The  average  of  all  the  results  obtained  by  us,  in  the  dog,  at  dif- 
ferent periods  after  feeding,  gives  very  nearly  four  and  a  half  per 
cent,  of  the  entire  weight  of  the  animal,  as  the  total  daily  quantity 
of  lymph  and  chyle.  This  is  substantially  the  same  result  as  that 
obtained  by  Colin,  in  the  horse;  and  for  a  man  weighing  140 
pounds,  it  would  be  equivalent  to  between  six  and  six  and  a  half 
pounds  of  lymph  and  chyle  per  day. 

But  of  this  quantity  a  considerable  portion  consists  of  the  chyle 
which  is  absorbed  from  the  intestines  during  the  digestion  of  fatty 
substances.  If  we  wish,  therefore,  to  ascertain  the  total  amount  of 
the  lymph,  separate  from  that  of  the  chyle,  the  calculation  should 
be  based  upon  the  quantity  of  fluid  obtained  from  the  thoracic 
duct  in  the  intervals  of  digestion,  when  no  chyle  is  in  process  of 
absorption.  We  have  seen  that  in  the  dog,  eighteen  hours  after 
feeding,  the  lymph,  which  is  at  that  time  opaline  and  semi-transpa- 
rent, is  discharged  from  the  thoracic  duct,  in  the  course  of  an  hour, 
in  a  quantity  equal  to  1.15  parts  per  thousand  of  the  entire  weight 
of  the  animal.  In  tweuty-four  hours  this  would  amount  to  27.6 
parts  per  thousand ;  and  for  a  man  weighing  140  pounds  this  would 
give  3.864  pounds  as  the  total  daily  quantity  of  the  lymph  alone. 

It  will  be  seen,  therefore,  that  the  processes  of  exudation  and' 
absorption,  which  go  on  in  the  interior  of  the  body,  produce  a  very 
active  interchange  or  internal  circulation  of  the  animal  fluids,  which 
may  be  considered  as  secondary  to  the  circulation  of  the  blood. 
For  all  the  digestive  fluids,  as  we  have  found,  together  with  the  bile 
discharged  into  the  intestine,  are  reabsorbed  in  the  natural  process 
of  digestion  and  again  enter  the  current  of  the  circulation.  Theae 
fluids,  therefore,  pass  and  repass  through  the  mucous  membrane  at 
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ihe  alimentary  canal  and  adjacent  glands,  becoming  somewbat 
altered  in  constitution  at  eacb  passage,  but  still  serving  to  renovate 
alternately  tbe  constitution  of  tbe  blood  and  the  ingredients  of  tbe 
digestive  secretions.  Furthermore  the  elements  of  the  blood  itself 
also  transude  in  part  from  the  capillary  vessels,  and  are  again  taken 
up,  by  absorption,  by  the  lymphatic  vessels,  to  be  finally  restored 
to  the  returning  current  of  the  venous  blood,  in  the  immediate 
neighborhood  of  the  heart 

The  daily  quantity  of  all  the  fluids,  thus  secreted  and  reabsorbed 
daring  twenty-four  hours,  will  enable  us  to  estimate  the  activity 
with  which  endosmosis  and  ezosmosis  go  on  in  the  living  body. 
In  the  following  table,  the  quantities  are  all  calculated  for  a  man 
weighing  140  pounds. 

Bbcbbtbd  ahd  Rbabiiobbbd  susino  24  houbs. 
8«liTa  20,164  graina,  or    2.660  pounds. 

Oastrio  jiiio«        98,000       "        "   14.000       " 
Bile  16,940       "        "     2.420      « 

Fanoraatio  Joice  13,104      "        <*     1.872      « 
I^Tmph  27,048       «        «     3.864      •' 

25.036 

A  little  over  twenty -five  pounds,  therefore,  of  the  animal  fluids 
transude  through  the  internal  membranes  and  are  restored  to  the 
blood  by  reabsorption  in  the  course  of  a  single  day.  It  is  by  this 
process  that  the  natural  constitution  of  the  parts,  though  constantly 
changing,  is  still  maintained  in  its  normal  condition  by  the  move- 
ment of  the  circulating  fluids,  and  the  incessant  renovation  of  their 
nutritious  materials. 
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CHAPTER    XVI. 


SECRETION. 


We  have  already  seen,  in  a  previous  chapter,  how  the  elements  of 
the  blood  are  absorbed  by  the  tissues  during  the  capillary  cirouk- 
tion,  and  assimilated  by  them  or  converted  into  their  own  substance, 
la  this  process,  the  inorganic  or  saline  matters  are  mostly  taken  up 
unchanged,  and  are  merely  appropriated  by  the  surrounding  parts  in 
particular  quantities;  while  the  organic  substances  are  transformed 
into  new  compounda,  characteristic  of  the  different  tissues  by  which 
they  are  assimilated.    In  this  way  the  various  tissues  of  the  body, 
though  they  have  a  difterent  chemical  composition  from  the  blood, 
are  nevertheless  supplied  by  it  with  appropriate  ingredients,  and 
their  nutrition  constantly  maintained. 

Beside  this  process,  which  is  known  by  the  name  of  "asaimilft- 
tion,"  there  is  another  somewhat  similar  to  it,  which  takes  place  in 
the  different  glandular  organs,  known  as  the  process  of  secretion.  It 
is  the  object  of  this  function  to  supply  certain  fluids,  differing  in 
chemical  constitution  from  the  blood,  which  are  required  to  assist 
in  various  physical  and  chemical  actions  going  on  in  the  body. 
These  secreted  fluids,  or  "secretions,"  as  they  are  called,  vary  in 
consistency,  density,  color,  quantity,  and  reaction.  Some  of  them 
are  thin  and  watery,  like  the  tears  and  the  perspiration ;  others  are 
viscid  and  glutinous,  like  mucus  and  the  pancreatic  fluid.  They 
are  alkaline  like  the  saliva,  acid  like  the  gastric  juice,  or  neatral 
Uke  the  bile.  Each  secretion  contains  water  and  the  inorganic  salts 
of  the  blood ;  and  these  mgredients,  in  varying  proportions,  ai« 
common  to  all,  or  nearly  all,  of  the  secreted  fluids.  But  each  secre- 
tion is  also  distinguished  by  the  presence  of  some  peculiar  nnixnal 
substance  which  does  not  exist  in  the  blood,  but  which  is  produced 
by  the  secreting  action  of  the  glandular  organ.  Thus  the  gastrio 
juice  contains  pepsine,  which  is  formed  only  in  the  tubules  of  the 
gastric  mucous  membrane ;  the  pancreatic  juice  contains  pancrea- 
tine, formed  only  in  the  pancreas;  and  the  bile  contains  tauro^ho- 
late  of  soda,  formed  only  in  the  liver.  As  the  blood  circulates 
through  the  capillaries  of  the  gland,  its  watery  and  saline  ooastita* 
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Rixts  transude  in  certain  quantities,  and  are  discharged  into  the  ex- 
cretory duct.  At  the  same  time,  the  glandular  cells,  which  have 
themselves  been  nourished  by  the  blood,  produce  a  new  substance 
by  the  catalytic  transformation  of  their  organic  constituents;  and 
this  new  substance  is  discharged  also  into  the  excretory  duct  and 
completes  the  constitution  of  the  secreted  fluid.  A  true  secretion, 
tberefore,is  produced  only  in  its  own  particular  gland,  and  cannot  be 
formed  elsewhere;  since  the  glandular  cells  of  that  organ  are  the  only 
ones  capable  of  producing  its  most  characteristic  ingredient. 

One  secreting  gland,  consequently,  can  never  perform  vicariously 
the  office  of  another.  Those  instances  which  have  been  from  time 
lo  time  reported  of  such  an  unnatural  action  are  not,  properly 
speaking,  instances  of  "  vicarious  gecretion ;"  but  only  cases  in 
which  certain  substances,  already  existing  in  the  blood,  have  made 
their  appearance  in  secretions  to  which  they  do  not  naturally  belong. 
Thus  cholesterine,  which  is  produced  in  the  brain  and  is  taken  up 
from  it  by  the  blood,  usually  passes  out  with  the  bile ;  but  it  may 
also  appear  in  the  fluid  of  hydrocele,  or  in  inflammatory  exuda- 
tions. The  sugar,  again,  which  is  produced  in  tho  liver  and  taken 
up  by  the  blood,  when  it  accumulates  in  large  quantity  in  the  cir- 
culating fluid,  may  pass  out  with  the  urine.  The  coloring  matter 
of  the  bile,  in  cases  of  biliary  obstruction,  may  be  reabsorbed,  and 
80  make  its  appearance  in  the  serous  fluiils,  or  even  in  the  perspira- 
tion. •  In  these  instances,  however,  the  unnatural  ingredient  is  not 
actually  produced  by  the  kidneys,  or  the  perspiratory  glands,  but 
is  merely  supplied  to  them,  already  formed,  by  the  blood.  Cases 
of  "  vicarious  menstruation"  are  simply  capillary  hemorrhages 
■which  take  place  from  various  mucous  membranes,  owing  to  the 
general  disturbance  of  the  circulation  in  amenorrhcea.  A  true 
secretion,  however,  is  always  coniined  to  the  gland  in  which  it 
naturally  originates. 

The  force  by  which  the  different  secreted  fluids  are  prepared  in 
the  glandular  organs,  and  discharged  into  their  ducts,  is  a  peculiar 
one,  and  resident  only  in  the  glands  themselves.  It  is  not  simply 
a  process  of  filtration,  in  which  the  ingredients  of  the  secretion 
exude  from  the  blootlvessels  by  exosmosis  under  the  influence  of 
pressure ;  since  the  most  characteristic  of  these  ingredients,  as  we 
liave  already  mentioned,  do  not  pre-exist  in  the  blood,  but  are 
formed  in  the  substance  of  the  gland  itself.  Substances,  even, 
which  already  exist  in  the  blood  in  a  soluble  form,  may  not  have 
the  power  of  passing  out  through  the  glandular  tissue.     Bernard 
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has  found'  that  ferrocyanide  of  potassium,  when  injected  into  the 
jugular  vein,  though  it  appears  with  great  facility  in  the  uriue, 
does  not  pass  out  with  the  saliva ;   and  even  that  a  solution  oi 
the  same  salt,  injected  into  the  duct  of  the  parotid  gland,  is  ab- 
sorbed, taken  up  by  the  bkKxl,  and  discharged  with  the  urine;  bus 
does  not  appear  in  the  saliva,  even  of  the  gland  into  which  it  baus 
hoQH  injected.    The  force  with  which  the  secreted  fluids  aocumolale 
in  the  salivary  ducts  has  also  been  shown   by  Ludwig's  experi' 
ments'  to  be  sometimes  greater  than  the  pressure  in  the  bloodre^' 
sels.     This  author  found,  by  ajiplying  mercurial  gauges  at  the  saoM 
time  to  the  duct  of  Steno  and  to  the  artery  of  the  parotid  gland,  thai 
the  pressure  in  the  duct  from  the  secreted  saliva  was  considerably 
greater  than  that  in  the  artery  from  the  circulating  blood;  so  that 
the  passage  of  the  secreted  fluids  had  really  taken  place  in  a  direc- 
tion contrary  to  that  which  would  have  been  caused  by  the  simple 
influence  of  pressure. 

The  process  of  secretion,  therefore,  is  one  which  depenils  upoa 
the  peculiar  anatomical  and  chemical  constitution  of  the  glandular 
tissue  and  its  secreting  cells.  These  cells  have  the  property  d 
absorbing  and  transmitting  from  the  blood  certain  inorganic  and 
saline  substances,  and  of  producing,  by  chemical  roetamorpbosii^ 
certain  peculiar  animal  matters  from  their  own  tissue.  These  sub- 
Etanoes  are  then  mingled  together,  dissolved  in  the  watery  flaidtfl 
of  the  secretion,  and  discharged  siraultiineously  by  the  excretory' 
duct. 

All  the  secreting  organs  vary  in  activity  at  different  period&fl 
Sometimes  they  are  nearly  at  rust;  vvhiJe  at  certain  periods  they 
become  excited,  under  the  influence  of  an  occasional  or  periodical 
stimulus,  and  then  pour  out  their  secretion  with  great  rapidity  and  ia 
large  quantity.  The  perspiration,  for  example,  is  usually  so  alowlj 
secreted  that  it  evaporates  as  rapidly  as  it  is  poured  out,  and  Um 
surface  of  the  skin  remains  dry ;  but  under  the  influence  of  anastial 
bodily  exercise  or  mental  excitement  it  is  secreted  much  fa^iter 
than  it  can  evaporate,  and  the  whole  integument  becomes  covered 
with  moisture.  The  gastric  juice,  again,  in  the  intervals  of  digestion^ 
is  either  not  secreted  at  all,  or  is  produced  in  a  nearly  inappreciable 
quantity;  but  on  the  introduction  of  food  into  the  stomach,  it  i» 
immediately  poure4i  out  in  such  abundance,  that  between  two  ami 
three  ounces  may  be  collected  in  a  quarter  of  an  hour. 


I 


*  LRijona  de  Physiologie  Eipi6Hmt»titato. 
«  Ibid.,  p,  108. 


Parli,  1856,  tome  il.  p.  96  K 
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The  principal  secretions  met  with  in  the  animal  body  are  as 
follows : — 


1.  Maona. 

2.  Sebaceous  matter. 
8.  Penpiration. 

4.  The  tean. 
6.  The  milk. 


6.  Balira. 

7.  Gastrib  Jaiee. 

8.  Panoreatio  jafoe. 

9.  Intestinal  J  nice. 
10.  Bile. 


The  last  five  of  these  fluids  have  already  been  described  in  the 
preceding  chapters.  We  shall  therefore  only  require  to  examine 
at  f>resent  the  five  following,  viz.,  mucus,  sebaceous  matter,  per- 
spiration, the  tears,  and  the  milk,  together  with  some  peculiarities 
in  the  secretion  of  the  bile. 


Fig.  lia 


1.  Mucus. — ^Nearly  all  the  mucous  membranes  are  provided  with 
follicles  or  glandulss,  in  which  the  mucus  is  prepared.  These  folli- 
cles are  most  abundant  in  the  lining  membrane  of  the  mouth,  nares, 
pharynx,  oesophagus,  trachea  and  bronchi,  vagina,  and  male  urethra. 
They  are  generally  of  a  compound  form,  consisting  of  a  number  of 
secreting  sacs  or  cavities,  terminating  at  one  end  in  a  blind  ex- 
tremity, and  opening  by  the  other  into  a  common  duct  by  which 
the  secreted  fluid  is  discharged.  Each  ultimate  secreting  sac  or 
follicle  is  lined  with  glandular  epithelium  (Fig.  110),  and  surround- 
ed on  its  external  surface  by  a  network  of  capillary  bloodvessels. 
These  vessels,  penetrating  deeply  into  the 
interstices  between  the  follicles,  bring  the 
blood  nearly  into  contact  with  the  epithelial 
cells  lining  its  cavity.  It  is  these  cells 
which  prepare  the  secretion,  and  discharge 
it  afterward  into  the  commencement  of  the 
excTGUxey  duct. 

The  mucus,  produced  in  the  manner 
above  described,  is  a  clear,  colorless  fluid, 
which  is  poured  out  in  larger  or  smaller 
quantity  on  the  surface  of  the  mucous 
membranes.  It  is  distinguished  from  other  secretions  by  its  vis- 
cidity, which  is  its  most  marked  physical  property,  and  which 
depends  on  the  presence  of  a  peculiar  animal  matter,  known  under 
the  name  of  mucosine.  When  unmixed  with  other  animal  fluids, 
this  viscidity  is  so  great  that  the  mucus  has  nearly  a  semi-solid  or 
gelatinous  consistency.  Thus,  the  mucus  of  the  mouth,  when  ob- 
tained  unmixed  with  the  secretions  of  the  salivary  glands,  is  so 


FoLLioLsa  or  a  Cox- 
rouiiD  Mdcodi  Olakodlb. 
From  th«  hnman  inbjeet.  (Aftei 
Kailiker.)— o.  Membian*  of  th« 
roltiel*.  h,  e.  XpUhellom  of  the 
Hune. 
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tougb  and  aJliesivo  that  the  vessel  containiDg  it  may  be  tni 
upside  down  without  its  running  out.  The  mucus  of  the  cervix 
uteri  liaa  a  similar  firm  consistency,  so  as  to  block  up  the  cavity 
of  this  part  of  the  organ  with  a  semi-solid  gelatinous  mass.  Macus 
is  at  the  same  time  exceedingly  smooth  and  slippery  to  the  touch, 
so  that  it  lubricates  readily  the  surfaces  upon  which  it  is  exuded, 
and  facilitates  the  passage  of  foreign  substances,  while  it  defeodi 
the  mucus  membrane  itself  from  injury. 

The  composition  of  pulmonary  mucus,  that  is,  the  fluid  secreted 
by  the  follicles  of  the  trachea  and  bronchial  tubes,  ia  as  follows : — ^ 

COMFOSITIOX  or  Pt7UI05ABT  McCCS. 

Water 

Animal  matter         .... 
Fat 

Chloride  of  aodiam  .... 
PhospliAios  of  Boda  and  potasaa 
Sulplialea  "  " 

Carbonates       "  " 


4 


I 


1000.00 

The  following  is  the  composition  of  the  mucus  of  the  gall-bUd* 
der :— * 

MCOCB  or   TBI   GvUtlt-BLAOOBB. 

Water 985.00 

Mucosiae 6,26 

ExlractWe  matters .  6.44 

Chloride  of  Bociiiim       \ 

Chloride  of  potaasium  >...,,,.,  8X)6 

Carbonate  of  eeUa        J 

Fhoapbales  of  lime  and  magnesia      ......  0.25 


lOQOXW 

The  animal  matter  of  mucus  is  insoluble  in  water,  though  it 
absorbs  this  fluid  to  some  extent,  becoming  slowly  more  fluid  ia 
consistency.  Consequently,  a  concentrated  and  viscid  mucu^ 
when  dropped  into  water,  does  not  mix  with  it,  but  ia  merely 
broken  up  by  agitation  into  gelatinous  threads  and  flakes,  which 
subside  after  a  time  to  the  bottom.  It  is  miscible,  however, 
some  extent,  with  other  animal  fluids,  and  may  be  incorporai 
with  them,  so  as  to  become  thinner  and  more  dilute.  Muciu 
readily  takes  on  putrefactive  changes,  and  communicates  them  to 
other  organic  substances  with  which  it  may  be  in  contact. 

The  varieties  of  mucus  found  in  difterent  parts  of  the  body  ai« 
probably  not  identical  in  composition,  but  differ  a  little  in  the  char. 

'  Simnn's  Chemistrj  of  Man,  Philadelphia,  1846,  p.  852. 
*  Bobia,  Lcjoop  sur  lea  Humeurs.     Paria,  1867.  p.  476. 
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if  their  principal  organic  ingredient,  as  well  as  in  the  pro- 
p  of  their  saline  constituents.  Its  iunclion  is  tor  the  most 
i  physical  one,  viz.,  to  lubricate  the  mucous  surfaces,  to 
I  them  from  injury,  and  to  facilitate  the  passage  of  foreign 
noes  through  their  cavities. 

Iebaceous  Matter. — The  sebaceous  matter  is  distinofuished 
ataining  a  very  large  proportion  of  fatty  or  oily  ingredients. 
I  are  three  varieties  of  this  secretion  met  with  in  the  body, 
me  producetl  by  the  sebaceous  glands  of  the  skin,  another 
B  oerurainous  glands  of  the  external  auditory  meatus,  and 
d  by  the  Meibomian  glands  of  the  eyelid.  The  sebaceous 
\  of  the  skin  are  found  most  abundantly  in  those  parts  which 
ickly  covered  with  hairs,  as  well  as  on  the  face,  the  labia 
%  of  the  female  generative  organs,  the  glans  penis,  and  the 
Se.  They  consist  sometimes  of  a  simple  follicle,  or  flask- 
,  cavity,  opening  by  a  single  orifice ;  but  more  frequently  of 
iber  of  such  follicles  grouped  round  a  common  excretory  duct. 
uct  nearly  always  opens  just  at  the  root  of  one  of  the  hairs, 
ifi  smeared  more  or  less  abundantly 
Bsecretion.    Each  follicle,  as  in  the  Pig.  HI. 

f  the  mucous  glandules,  is  lined 
jpithelium,  and  its  cavity  is  filled 
he  secreted  sebaceous  matter, 
ifae  Meibomian  glands  of  the  eye- 
ig.  Ill),  the  follicles  are  ranged 
the  sides  of  an  excretory  duct, 
id  just  beneath  the  conjunctiva,  on 
jeterior  surface  of  the  tarsus,  and 
lig  upon  its  free  edge,  a  little  be- 
he  roots  of  the  eyelashes.  The 
inoua  glands  of  the  external  audi- 
leatus,  again,  have  the  form  of  long 
"which  terminate,  at  the  lower  part 
integument  lining  the  meatus,  in 
ular  ooil,  or  convolution,  covered 
ally  by  a  network  of  capillary  bloodvessels. 
I  sebaceous  matter  of  the  skin  has  the  following  composition, 
>ng  to  Esenbeck.' 

'  Simon's  ChemlBtry  of  Mkn,  p.  379. 
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CoMPnirr>o.<(  or  Bedacbodb  Mattbk. 

Animal  ttabsUiioes 388 

Ffttty  matters SM 

Phosphat«  of  lime 800 

Ciirbonate  of  lime 21 

Carbonate  of  magneaia IS 

Chloride  of  fiodium  \  «> 
Acetate  of  soda,  ko.  i 

1000 

Owing  to  tbe  large  proportion  of  stearine  in  the  fatty  ingredient* 
of  the  sebaceous  matters,  they  have  a  considerable  degree  of  con 
sistency.     Their  office  is  to  lubricate  the  integument  and  the  hairs^ 
to  keep  them  soft;  and  pliable,  and  to  prevent  their  drying  up  hjr 
too  rapid  evaporation.     When  the  sebaceous  glands  of  the  eoftlp 
are  inactive  or  atrophied,  the  hairs   bocorne  dry  and  brittle,  are 
easily  split  or  broken  off,  and  finally  cease   growing  altogether. 
The  ceruminous  matter  of  the  ear  is  intended  without  doubt  partly 
to  obstruct  the  cavity  of  the  meatus,  and  by  ita  glutinous  consist- 
ency and  strong  odor  to  prevent  small  ini*ecla  from  accidentally 
introducing   themselves  into  the   meatus.     The   secretion  of  tbe 
Meibomian  glands,  by  being  smeared  on  the  edges  of  the  eyelida^l 
prevents  the  tears  from  running  over  upon  the  cheeks^  and  coi 
them  within  the  cavity  of  the  lachrymal  canals. 

3.  Perspihation'. — The  perspiratory  glands  of  the  skin  are 
tered  everywhere  throughout  the  integument,  being  most  abundanlJ 
on  the  anterior  portions  of  the  body.    They  consist  each  of  a  slender! 

tube,  about  ^^q  of  an  inch  in  di- 
ameter, lined  with  glandular  epi- 
thelium, which  penetrates  nearly 
through  the  entire  thickness  of 
the  skin,  and  terminates  below  in 
a  globular  coil,  very  aimitar  in 
appearance  to  that  of  the  ooromi- 
nous  glands  of  the  ear.  (Fig.  112.) 
A  network  of  capillary  vessels 
envelops  the  tubular  coil  and  sup- 
plies the  gland  with  the  materials 
necessary  to  its  secretion. 

These  glands  are  very  abundant 
in  some  parts.  On  the  posterior 
portion  of  the  trunk,  the  cheeks; 


Fig.  112. 
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and  the  skin  oi  the  thigh  aud  leg,  there  are,  according  to  Krause,' 

about  500  to  the  square  inch ;  on  the  anterior  part  of  the  trunk, 

the  forehead,  the  neck,  the  forearm,  and  the  back  of  the  hand  aud 

foot,  1000  to  the  square  inch ;  and  on  the  sole  of  the  foot  and  the 

palm  of  the  hand,  about  2700  in  the  same  space.    According  to  the 

same  observer,  the  whole  number  of  perspiratory  glands  is  not  less 

than  2,300,000,  and  the  length  of  each  tubular  coil,  when  unravelled, 

about  t'i  of  an  inch.    The  entire  length  of  the  glandular  tubing 

most  therefore  be  not  less  than  158,000  inches,  or  about  two  miles 

and  a  hal£ 

The  fluid  derived  from  this  extensive  glandular  apparatus  is  the 

perspiration.    It  is  a  clear,  colorless,  watery  liquid,  with  a  dis< 

tinctly  acid  reaction,  and  a  specific  gravity  of  1003  or  1004.    Its 

constitution,  according  to  the  average  of  estimates  given  by  various 

aatihors,  is  as  follows : — 

CoMPOsinoH  or  thb  Pxbspxbatioh. 

Water 995.60 

Chloride  of  sodium 2.28 

Chloride  of  poUssium 0.24 

Snlphktea  of  soda  and  potassa 0.01 

Salt*  of  orgaaio  aoids  with  soda  and  potassa     ....  2.02 

1000.00 
Ib  addition  to  the  above  ingredients,  there  are  present  in  the 
perspiration  traces  of  an  organic  substance  similar  to  albumen, 
and  also  a  free  acid  of  a  volatile  nature,  which  gives  to  the  fluid 
its  acid  reaction  and  odor,  but  whose  specific  characters  have  not 
been  more  fully  determined.  It  is  known  to  be  volatile  since  the 
perspiration,  when  subjected  to  evaporation  by  heat,  soon  loses  its 
acid  reaction  and  becomes  neutral  or  alkaline. 

The  perspiration  is  a  constant  secretion.  In  a  condition  of  re- 
pose or  of  moderate  bodily  activity,  it  is  exuded  upon  the  surface 
of  the  skin  in  so  continuous  and  gradual  a  manner  that  it  is  at 
onee  carried  off  by  evaporation.  Consequently  it  does  not  appear 
ix>  the  liquid  form,  and  has,  therefore,  received  the  name,  under 
these  circumstances,  of  the  insensible  transpiration.  The  entire 
quantity  of  fluid  discharged  from  the  skin  in  this  way  during 
twenty-four  hours,  according  to  the  observations  of  Lavoisier  and 
S^ain,'  amounts  to  13,500  grains,  or  nearly  two  pounds  avoirdu- 
5>oi8.  It  appears  that  the  exhalation  of  watery  vapor  from  the 
Innga,  during  the  same  space  of  time,  amounts  to  over  8000  grains; 

*  KSIllker,  Handbuoh  der  Gewebelehre,  Leipiig,  1852,  p.  147. 

*  Milae  Edwards,  Lefons  sur  la  Physiologie,  &o.,  toI.  ii.  p.  C28. 
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SO  that  from  the  luogs  and  skin  combined,  the  watery  exhalation 
amounts,  on  the  average^  to  rather  more  than  three  pounds  per  day. 

But  the  cutaneous  secretion  may  be  greatly  increased  by  tem- 
porary causes.  An  elevated  temperature  or  unusual  muscular 
exertion,  or,  still  more,  a  combination  of  the  two,  will  increase  the 
circulation  through  the  skin  and  largely  augment  the  amount  of 
fluid  discharged.  It  then  exudes  more  rapidly  than  it  can  be  car- 
ried off  by  evaporation,  and  collects  upon  the  skin  as  a  visible 
moisture,  whence  it  is  known  as  the  sensible  perspiration.  The 
amount  of  perspiration  discharged  during  violent  exercise  has  been 
known  to  rise  as  high  as  6000  or  6000  grains  per  hour;  and  Dr. 
South  wood  Smith*  found  that  the  laborers  employed  in  heated  gas- 
works sometimes  lost,  by  both  cutaneous  and  pulmonary  exhalation, 
as  much  as  3J  pounds'  weight  in  less  than  an  hour. 

The  office  of  the  cutaneous  perspiration  is  principally  to  regulate 
the  temperature  of  the  body.  We  have  already  seen,  in  a  precede 
ing  chapter,  that  the  living  body  will  maintain  the  temperature  of 
lOC^  F.,  though  subjected  to  a  much  lower  temperature  by  the 
surrounding  atmosphere,  in  consequence  of  the  continued  genera- 
tion of  heat  which  takes  place  in  its  interior;  and  that  if)  by  long 
continued  or  severe  exposure,  the  blood  become  cooled  down  much 
below  its  natural  standard,  death  inevitably  results.  But  the  tem- 
perature of  the  body  is  regulated  also  in  the  opposite  direction,  and 
is  prevented  from  rising  above  the  natural  standard  as  well  as  fall- 
ing below  it.  The  temperature  of  the  skin  is  never  so  high  as 
that  of  the  internal  organs,  being  slightly  cooled  by  contact  with 
the  external  atmosphere,  so  that  it  rarely,  if  ever,  in  the  normal 
state,  rises  above  97°  or  98'^.  This  moderate  temperature  is  un- 
doubtedly essential  to  the  healthy  action  of  the  skin  itself)  and  evea 
the  partial  cooling  of  the  blood  in  the  cutaneous  capillaries  is  im- 
portant in  regulating  the  temperature  of  the  whole  mass  of  the 
circulating  fluid.  But  when,  in  consequence  of  unusual  muscular 
exertion,  the  circulation  is  quickened,  animal  heat  is  more  rapidly 
generated  in  the  internal  organs  and  a  larger  volume  of  warm 
blood  is  brought  to  the  cutaneous  capillaries,  the  simple  contact 
with  the  atmosphere  is  no  longer  sufficient  to  keep  down  its  tem- 
perature to  the  usual  standard.  Then  the  perspiration  is  exuded 
in  increased  abundance,  and  its  evaporation  provides  for  the  requi- 
site cooling  of  the  skin  and  of  the  blood  circulating  in  its  yesaela. 

Even  if  exposed  to  the  influence  of  an  atmosphere  warmer  than 
100°  F.,  the  body  does  not  become  heated  up  to  the  temperatt 

>  PbiloBophy  of  Health,  London,  1838,  oh»p.  xUL 
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of  the  air,  but  remains  at  its  natural  standard.  This  is  provided 
for  by  the  action  of  the  cataneous  glands,  which  are  excited  to 
unosoal  activity,  and  pour  out  a  large  quantity  of  watery  fluid 
upon  the  skin.  This  fluid  immediately  evaporates,  and  in  assum- 
ing the  gaseous  form  appropriates  so  much  heat  that  the  cutaneous 
sur&ces  are  reduced  to  their  natural  temperature. 

So  long  as  the  air  is  dry,  so  that  evaporation  from  the  surface 
can  go  on  rapidly,  a  very  elevated  temperature  can  be  borne  with 
impunity.  The  workmen  of  the  sculptor  Chantrey  were  in  the 
habit,  according  to  Dr.  Carpenter,  of  entering  a  furnace  in  which 
the  air  was  heated  up  to  350^ ;  and  other  instances  have  been  known 
in  which  a  temperature  of  400°  to  600°  has  been  borne  for  a  time 
■without  much  inconvenience.  But  if  the  air  be  saturated  with 
moisture,  and  evaporation  from  the  skin  in  this  way  retarded,  the 
body  soon  becomes  unnaturally  warm ;  and  if  the  exposure  be  long 
continued,  death  is  the  result.  It  is  easily  seen  that  horses,  when 
fast  driven,  suffer  much  more  from  a  warm  and  moist  atmosphere 
than  from  a  warm  and  dry  one.  The  experiments  of  Magendie  and 
others  have  shown  *  that  quadrupeds  confined  in  a  dry  atmosphere 
Bufler  at  first  but  little  inconvenience,  even  when  the  temperature 
is  much  above  that  of  their  own  bodies ;  but  as  soon  as  the  atmo- 
sphere is  loaded  with  moisture,  or  the  supply  of  perspiration  is  ex- 
hausted, the  blood  becomes  heated,  and  the  animal  dies.  Death 
follows  in  these  cases  as  soon  as  the  blood  has  become  heated  up 
to  10°  or  18°  F.,  above  its  natural  standard.  The  temperature  of 
118°,  which  is  but  little  above  the  natural  temperature  of  birds,  is 
&tal  to  quadrupeds ;  and  we  have  found  that  frogs,  whose  natural 
temperature  is  50°  or  60°,  die  very  soon  if  they  are  kept  in  water 
at  100°  F. 

The  amount  of  perspiration  is  liable  to  variation,  as  we  have 
already  intimated,  from  the  variations  in  temperature  of  the  sur- 
rounding atmosphere.  It  is  excited  also  by  unusual  muscular 
exertion,  and  increased  or  diminished  by  various  nervous  condi- 
tions, such  as  anxiety,  irritation,  lassitude,  or  excitement. 

4.  Thb  Teabs. — The  tears  are  produced  by  the  lachrymal  glands, 
which  are  lobulated  glandular  organs,  situated  at  the  upper  and 
outer  part  of  the  orbit  of  the  eye,  and  opening,  by  from  six  to 
twelve  ducts,  upon  the  surface  of  the  conjunctiva,  in  the  fold  be- 
tween the  eyeball  and  the  outer  portion  of  the  upper  lid.  The 
secretion  is  a  clear,  alkaline,  watery  fluid,  containing  an  organio 
>  Benurd,  LMtnres  on  the  Blood.    AUee't  truulation,  PhlU.,  1864,  p.  25. 
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substance  similar  to  albumen,  and  saline  matters  consisting,  for  the 

moat  part,  of  chloride  of  sodium.    Its  composition  ia  as  follows: — " 

CoHPOfliTio5  or  TBI  Tkasi. 

Wdtcp          ...                 982.C 

AlbumiaouB  matter      ......*..  6.0 

Cliloriile  of  flodium 13.0 

Other  miaoral  aalu ,  0.3 

1(X>0.2 

The  office  of  the  lachrj-mal  secretion  13  simply  to  keep  the  sorfaces 
of  the  cornea  and  conjunctiva  moist  and  polished,  and  to  preserve 
in  this  way  the  tran.sparency  of  the  parts.  For  the  evaporation 
taking  place  from  the  exposed  surface  of  the  conjunctiva  tends  to 
dry  the  mombrane,  and  would  thus  destroy  its  transparency,  were 
not  the  loss  of  fluid  constantly  replaced  by  the  watery  film  sup- 
plied from  the  lachrymal  glands.  After  death,  the  eyeball  at  oaot 
loses  it3  brilliancy,  and  its  surface  becomes  dull  and  tarnisbeil 
from  the  stoppage  of  the  laclirymal  secretion.  During  life,  u 
the  tears  are  secreted,  they  are  spread  out  uniformly  over  tbe 
anterior  part  of  the  eyeball  by  the  movement  of  the  lids  in  wini:- 
ing,  and  are  gradually  conducted  to  the  inner  angle  of  the  eve. 
Here  they  are  taken  up  by  the  puncta  lachrymalia,  pass  througU 
the  lachrymal  canals,  and  arc  finally  discharged  into  the  nasal  pas- 
sages beneath  the  inferior  turbinated  bones.  A  constant  supply  of 
fresh  fluid  is  thus  kept  passing  over  the  transparent  parts  of  tbo 
eyeball,  and  the  bad  results  avoided  which  would  follow  fromit-^ 
accumulation  and  putreractive  alteration. 

P'ff  TS  5.  The  Milk.— The  man*-- 

mary    glands     arc    lobulate 
organs,  resembling  closely  i 
their  structure  the  pancr 
the  salivary,  and  the  lachrjtn» 
glands.     They  consist  of  n*  " 
merous  secreting  sacs  or  foil*  "iH 
cles,  grouped  together  in  l.»ly"^B 
ules;  each  lobule  being  •ap'^H 
plied  with  a  common  excretory 
duct,  which  joins  those  coming 
from  adjacent  parts  of  theglaaJ- 
(Fig.  113.)     In   this  way,  by 
OfcAiiBDLAK  staocTimi  or  M AHM*.       their  suocessivo  union,  tbcy 

» Robin,  Lemons  eur  lea  Hameors,  PariB,  1807,  p.  402. 
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branches  and  trunks,  until  thej  are  reduced  in  num- 
15  or  20  cylindrical  ducts,  the  lactiferous  ducts,  which 
,  by  as  many  minute  orifices,  upon  the  extremity  of 


Fig.  114. 


;ion  of  the  milk  becomes  fairly  established  at  the  end  of 
days  after  delivery,  though  the  breasts  often  contain  a 
uring  the  latter  part  of  pregnancy.  At  first  the  fluid  dis- 
n  the  nipple  is  a  yellowish  turbid  mixture,  which  is 
lostrum.  It  has  the  appearance  of  being  thinner  than 
t  chemical  examinations  have  shown'  that  it  really  con- 
p  amount  of  solid  ingredients  than  the  perfect  secre- 
I  examined  under  the  microscope  it  is  seen  to  contain, 
ilk-globules  proper,  a  large  amount  of  irregularly  glo- 
al  bodies,  from  tt'stj  to  yjiy  of  an  inch  in  diameter, 
rmed  the  "  colostrum  corpuscles."    (Fig.  114.)    These 

bodies  are  more  yellow  and 
opaque  than  the  true  milk- 
globules,  as  well  as  being  very 
much  larger.  They  have  a 
well  defined  outline,  and  con- 
sist apparently  of  a  group  of 
minute  oily  granules  or  glo- 
bules, imbedded  in  a  mass 
of  organic  substance.  The 
mifk-globules  at  this  time 
are  less  abundant  than  after- 
ward, and  of  larger  size, 
measuring  mostly  from  tijs\^ 

to  TsVir  of  a^  iiict  in  dia- 
meter. 

At  the  end  of  a  day  or 
two  aft«r  its  first  appearance, 

1  ceases  to  be  discharged,  and  is  replaced  by  the  true 

ion. 

as  it  is  discharged  from  the  nipple,  is  a  white,  opaque 

.  slightly  alkaline  reaction,  and  a  specific  gravity  of 


oxPFscLBa,  vrith  milk-globales ; 
I  dsjr  mft«r  deltTsrf. 


'  LehmanD,  op.  cit.,  vol.  ii.  p.  63. 
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about  1030.      Its  proximate  chemical  constitution,  according  to 
Pereira  and  Lehmann,  is  as  follows : — 

CoMI'OBITlOir  OP  Cow's  MtLK. 

Water 870,3 

Casein 44.8 

Batter 31.3 

Sugar 47.7 

Soda 

ChtoriilfA  of  sodium  nnil  potaHsiam  .  .  .  ■  • 
Phosphates  of  «t>ii&  and  poiassn  ..... 
Phosphate  of  lime      ........  ^  O.O 

*'  "  magnetia 

"  "  iron 

Alkaline  carbonaici . 


Iron.  &c. 
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Human  milk  is  distinguished  from  the  above  by  containing  \tm 
casein,  and  a  larger  proportion  of  oily  and  saccharine  ingre^lienti 
The  entire  amount  of  solid  iugredieats  is  also  somewhat  less  thao 
m  cow's  milk. 

The  casein  is  one  of  the  most  important  ingredients  of  the  milk. 
It  is  an  extremely  nutritious  organic  substance,  which  is  held  in  • 
fluid  form  by  union  with  the  water  of  the  secretion.  Casein  is  not 
coagulable  by  heat,  and  consequently,  milk  may  be  boiled  i^'ithout 
changing  its  consistency  to  any  considerable  extent.  It  beooa»ei 
a  little  thinner  and  more  fluid  during  ebullition,  owing  to  thelnel^ 
ing  of  its  oleaginous  ingredients;  aud  a  thin,  membranous  film 
forma  upon  its  surface^  consisting  probably  of  a  very  little  albumen, 
which  the  milk  contains,  mingled  with  the  casein.  The  addition  of 
any  of  the  acids,  however,  mineral,  animal,  or  vegetable,  at  once 
coagulates  the  casein,  and  the  milk  becomes  curdled.  Milk  is 
coagulated,  furthermore,  by  the  gastric  juice  in  the  natural  prooe* 
of  digestion,  immediately  after  being  taken  into  the  stomach;  and 
if  vomiting  occur  soon  after  a  meal  containing  milk,  it  is  tbro*^ 
off  in  the  form  of  semi-solid,  curd-like  flakea 

The  mucous  membrane  6f  the  calves'  stomach,  or  rennet,  al*' 
has  the  power  of  coagulating  casein;  and  when  milk  has  been 
curdled  in  this  way,  and  its  watery,  saccharine,  and  inorganic  io* 
gredients  separated  by  mechanical  pressure,  it  is  converted  into 
cheese.  The  peculiar  flavor  of  the  different  varieties  of  che«« 
depends  on  the  quantity  and  quality  of  the  oleaginous  ingredients 
which  have  been  entangled  with  the  coagulated  casein,  and  o 
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ilterations  which  these  sub* 

itances  have  undergone  by  ^8-  us* 

;lie  lapse  of  time  and  ex-  ^ oO~r~^-^ 

posore  to  the  atmosphere.  /oJ^r.'^  ^J^     °^  °  oo\ 

The  sugar  and  sahne  sub-  /  °  Oo^gp^^Oo^o    \ 

jtances  of  the  milk  are  in  /o8  »  Pb%sS.°°  o^°cj3°Vq\ 

solution,  together  with   the  /  o^   o(^^o^q^c^^o  ^o^    \ 

sasein  and  water,  forming  a  /   ^  o^o^  oO°5°oO°o<7°%°  o°o<>  \ 

slear,    colorless,    homogene-  o  o  o   ^  ^  o  o  °'^°o  o  ^^     Z.  { 

ous,  serous  fluid.    The  but-    \    «b*'%  oo'o^°^''o*^«'olo''°^?oo  *  o°o  / 
L  1       •  •         J-     1.     \  oO'CO     yoo"oo° 

tor,  or  oleaginous  ingredient,     \       ooo°o  o  o'^^^  o^o 

howeyer,    is    suspended    in  \  0°°°°  °  *  °r)o*^'^'*°**'< 

this  serous  fluid  in  the  form  \     "'o*'  I^'q    *o^t°  O  " 

of     minute    granules    and  ^^§  °  °  o'f'*'  " 

globules,  the    true    "milk-  ^ 

irlobules."  (¥ie  115  ^    These  Mii,K.aLoiictK.i  rrow  ^.me  womaa  m  »boT«. 

((XUUUIOS.      ^^rig.  XIU.;      xaese    fo„r  d«y.  after  delWery.    BaeretioD  futlr  MtabUib«d. 

globules  are  nearly  fluid  at 

the  temperature  of  the  body,  and  have  a  perfectly  circular  out- 
line. In  the  perfect  milk,  they  are  very  much  more  abundant  and 
smaller  in  size  than  in  the  colostrum ;  as  the  largest  of  them  are 
not  over  ^xhtv  o^  <ui  inch  in  diameter,  and  the  greater  number 
about  TQTvv  o^  ^^  ii^<'h- 

The  following  is  the  composition  of  the  butter  of  cow's  milk, 
aooording  to  Robin  and  Yerdeil : — 

Margarine .68 

Oleine 30 

Batyriiie 2 

100 
It  is  the  last  of  these  ingredients,  the  butyrine,  which  gives  the 
peculiar  flavor  to  the  butter  of  milk. 

The  milk-globules  have  sometimes  been  described  as  if  each  one 
were  separately  covered  with  a  thin  layer  of  coagulated  casein  or 
albumen.  No  such  investing  membrane,  however,  is  to  be  seen. 
The  milk-globules  are  simply  small  masses  of  semi-fluid  fat,  sus- 
pended by  admixture  in  the  watery  and  serous  portions  of  the 
Beoretion,  so  as  to  make  an  opaque,  whitish  emulsion.  They  do 
not  fuse  together  when  they  come  in  contact  under  the  microscope, 
simply  because  they  are  not  quite  fluid,  but  contain  a  large  pro- 
portion of  margarine,  which  is  solid  at  ordinary  temperatures  of  the 
body,  and  is  only  retained  in  a  partially  fluid  form  by  the  oleine 
iri^  which  it  is  associated.    The  globules  may  be  made  to  fuse  with 
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each  other,  however,  by  simply  heating  the  inilk  and  subjecting  il 
to  gentle  pressure  between  two  slips  of  glass. 

When  fresh  milk  is  allowed  to  remain  at  rest  for  twelve  to  twenty- 
four  hour:*,  a  large  portion  of  its  fatty  matters  rise  to  the  surface, 
and  form  there  a  dense  and  rich-looking  yellowish-white  layer.  Ujp 
yream,  which  may  be  removed,  leaving  the  remainder  still  opnlino, 
but  les.s  opaque  than  before.  At  the  end  of  thirty-six  lo  forty-eiglit 
hours,  if  the  weather  be  warm,  the  casein  begins  to  take  on  a 
putrefactive  change.  In  thi.s  condition  it  exerts  a  catalytic  aciion 
upon  the  other  ingredients  of  the  milk,  and  particularly  upon  tte 
augar.  A  pure  watery  solution  of  milk-sugar  (C^H^O,,)  majK* 
kept  for  an  indefinite  length  of  time,  at  ordinary  temperaturw, 
without  imdergoing  any  change.  But  if  kept  in  contact  with  the 
partially  altered  casein,  it  suffers  a  catalytic  transformation,  and  is 
converted  into  lactic  acid  (C,^^,^0,).  Tiiis  unites  with  the  free  sodii. 
and  decomposes  the  alkaline  carbonates,  forming  lactates  of  «xla 
and  potassa.  After  the  neutralization  of  these  .substances  has  been 
accomplished,  the  milk  loses  its  alkaline  reaction  and  begins  to  turn 
sour.  The  free  lactic  acid  then  coagulates  the  casein,  and  the  milk 
is  curdled.  The  altered  organic  matter  also  acts  upon  the  olea- 
ginous ingredients,  which  are  partly  decomposed;  and  the  milk 
begins  to  give  off  a  rancid  odor,  owing  to  the  development  of 
various  volatile  iatty  acids,  among  which  are  butyric  acid,  aud  tb« 
like.  These  changes  are  very  much  ha.stened  by  a  moderatelT 
elevateti  temperature,  and  also  by  a  highly  electric  state  of  A« 
atmosphere. 

I'he  production  of  the  milk,  like  that  of  other  secretions,  is  liable 
to  be  much  influenced  by  nervous  imjvressions.  It  may  be  incre«8od 
or  diminished  in  quantity,  or  vitiated  in  quality  by  suddea  emo- 
tions; and  it  is  even  said  to  have  been  sometimes  so  much  altered 
in  tliis  way  as  to  produce  indigestion,  diarrhoea,  and  convulsioiu  in 
the  infant. 

Simon  found^  that  the  constitution  of  the  milk  varies  from  dflv  i" 
day,  owing  to  temporary  causes ;  and  that  it  undergoes  also  vmth 
permanent  moflifieations,  corresponding  with  the  ago  of  the  infant, 
lie  analyzed  the  milk  of  a  nursing  woman  during  a  period  of  nearly 
six  months,  commencing  with  the  second  day  after  delivery,  ^ 
repeating  his  examinations  at  intervals  of  eight  or  ten  days.  It 
appears,  from  these  observations,  that  the  casein  is  at  first  in  suiall 
quantity;  but  that  it  increases  during  the  iSrst  two  months, aoi 

'  Op.  oil.,  p.  337. 
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hen  attains  a  nearly  uniform  standard.  The  saline  matters  also 
ncrease  in  a  nearly  similar  manner.  Tlie  sugar,  on  the  coutrarv, 
iimiuishea  during  the  same  period;  so  that  it  is  less  abundant  in 
;he  third,  fourth,  fiilb  and  sixth  months,  than  it  is  in  the  first  and 
♦eoond.  These  changes  are  undoubtedly  connected  with  the  in- 
ireasing  development  of  the  infant,  which  requires  a  corresponding 
ilteration  in  the  character  of  the  food  supplied  to  it.  Finally,  the 
:][uantity  of  butter  in  the  milk  varies  so  much  from  day  to  day, 
3wing  to  incideutal  causes,  that  it  cannot  be  said  to  follow  any 
rular  course  ol  iucrease  or  diminution. 


SECRETlOif  OF  THE  BiLE. — The  anatomical  peculiarities  in  the 
structure  of  the  liver  are  such  as  to  distinguish  it  in  a  marked 
degree  from  the  other  glandular  organs.  Its  first  peculiarity  is 
that  it  is  furni.shed  princi|ially  with  venous  blood.  For.  although 
it  receives  its  blood  from  the  hepatic  artery  as  well  as  from  the 
portal  vein,  the  quantity  of  arterial  blood  with  which  it  is  supplied 
is  extremely  small  in  comparison  with  that  which  it  receives  from 
the  portal  system.  The  blood  whieh  has  circulated  through  the 
capillaries  of  the  stomach,  spleen,  pancreas,  and  intestine  is  col- 
lected by  the  roots  of  tbe  corresponding  veins,  and  discharged  into 
the  portal  vein,  which  enters  the   liver  at  the  great  transverse 

fissure  of  the  organ.     Imiue- 
F'g-  H6.  diately  upon  its  entrance,  the 

porta!  VL'in  divides  into  two 
branches,  right  and  left,  which 
supply  the  corresponding  por- 
tions of  the  liver;  and  these 
branches  successively  subdi- 
vide into  smaller  twigs  and 
ramifications,  until  they  are 
reduced  to  the  size,  according 
to  Kolliker,  of  -pi'oo  ^f  an  inch 
in  diameter.  These  veins, 
with  their  terminal  branches, 
are  arranged  in  such  a  man- 
ner as  to  include  between  them 

BMn4>catlon  of  Portal   Vkim    in    Litki— <i. 

Twigof  poniU»»in.  b.6.  inierioboiiir  »rin.  c.  Adui.  pentagonal       or      hcxagoual 

spaces,  or  portions  of  the  he- 
patic substance,  V«  to  ^'^  of  an  inch  in  diameter  in  the  human  sub- 
jcct,  wbich  can  readily  be  distinguished  by  the  naked  eye,  both  on 
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the  exterior  of  tho  organ  and  by  the  inspection  of  cat  sarfaos. 
The  portions  of  hepatic  substance  included  in  this  way  between 
the  terminal  branches  of  the  portal  vein  (Fig.  116)  are  termed  the 
"acini"  or  "lobules  "of  the  liver;  and  the  terminal  venous  branclies, 
occupying  the  si>ace3  between  the  adjacent  lobules,  are 
"  interlobular "  veins.  In  the  spaces  between  the  lobules 
also  find  the  minute  branches  of  the  hepatic  artery,  and  the  com- 
mencing rootlets  of  the  hepatic  ducts.  As  the  portal  vein,  the 
hepatic  artery,  and  the  hepatic  duct  enter  the  liver  at  the 
transverse  fissure,  they  are  closely  invested  by  a  fibrous 
sheath,  termed  Glisson'a  capsule,  which  accompanies  them  in  tbeir 
divisions  and  ramifications.  In  some  of  the  lower  animals,  as  in  the 
pig,  this  sheath  extends  even  to  the  interlobular  spaces,  inclosing 
each  lobule  in  a  thin  fibrous  investment,  by  which  it  is  distinctlj 
separated  from  the  neighboring  parts.  In  the  human  subject,  how- 
ever, Glisaon's  capsule  becomes  gradually  thinner  as  it  penetrtta 
the  liver,  and  disappears  altogether  before  reaching  the  interlobabr 
ispaces ;  so  that  here  the  lobules  are  nearly  in  contact  with  each 
other  by  their  adjacent  surfaces,  being  separated  only  by  the  inter- 
lobular veins  and  the  minute  branches  of  the  hepatic  artery  and 
duct  previously  mentioned. 

From  the  sides  of  the  interlobular  veins,  and  also  from  their 

Ffg.  117. 
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lobular  Tckji  paislog  to  ul]mc«iit  lobnta*. 
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lal  extremities,  there  are  given  off  capillary  vessels,  which 
ttte  the  substance  of  each  lobnle  and  converge  from  its  cir- 
rence  toward  its  centre,  inosculating  at  the  same  time  freely 
lach  othw,  so  as  to  form  a  minute  vascular  plexus,  the  "lobu- 
apillary  plexus.  (Fig.  117.)  At  the  centre  of  each  lobule,  the 
rging  capillaries  unite  into  a  small  vein  {b),  the  "  intralobu- 
ein,  which  is  one  of  the  commencing  rootlets  of  the  hepatic 
These  rootlets,  uniting  successively  with  each  other,  so  as 
m  larger  and  larger  branches,  finally  leave  the  liver  at  its 
ior  edge,  to  empty  into  the  ascending  vena  cava. 
ide  the  capillary  bloodvessels  of  the  lobular  plexus,  each 
I  is  made  up  of  an  abundance  of  minute  cellular  bodies,  about 
>f  an  inch  in  diameter,  the  "  hepatic  cells."  (Fig.  118.)  These 
lave  an  irregularly  pentagonal  figure,  and  a  soft  consistency. 
are  composed  of  a  homogeneous  organic  substance,  in  the 
of  which  are  imbedded  a  large  number  of  minute  granules 
jenerally  several  well  defined  oil-globules.  There  is  also  a 
.  or  oval  nucleus,  with  a  nucleolus,  imbedded  in  the  substance 
)  cell,  sometimes  more  or  less  obscured  by  the  granules  and 
ops  with  which  it  is  surrounded. 

5  exact  mode  in  which  these  cells  are  connected  with  the 
ic  duct  was  for  a  long  time  the  most  obscure  point  in  the 

minute  anatomy  of  the  liver. 


Fig.  118. 
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It  has  now  been  ascertained, 
however,  by  the  researches  of 
Dr.  Leidy,  of  Philadelphia,* 
and  Dr.  Beale,  of  London,* 
that  they  are  really  contained 
in  the  interior  of  secreting 
tubules,  which  pass  off  from 
the  smaller  hepatic  ducts,  and 
penetrate  everywhere  the 
substance  of  the  lobules. 
The  cells  fill  nearly  or  com- 
pletely the  whole  cavity  of 
the  tubules,  and  the  tubules, 
themselves  lie  in  close  proxi- 
mity with  each  other,  so  as 


American  Joaraal  Hed.  Soi.,  Jannarj,  1848. 
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to  leave  no  space  between  tbem  except  ttat  which  is  occupied  hj 
the  capillary  bloodvessels  of  the  lobular  plexus. 

These  cells  are  the  active  ageuts  in  accomplishing  the  function  of 
the  liver.  It  is  by  their  influence  that  the  blood  which  is  bruoght 
in  contact  with  them  suffers  certain  changes  which  give  rise  to  the 
secreted  products  of  the  organ.  The  ingredients  of  the  bile  first 
make  their  appearance  in  the  substance  of  the  cells.  They  at 
then  transuded  from  one  to  the  other,  until  they  are  at  last  dis- 
charged into  the  small  biliary  ducts  seated  in  the  interlobuUr 
spaces.  Each  lobule  of  the  liver  must  accordingly  be  regarded  u 
a  mass  of  secreting  tubules,  lined  with  glandular  cells,  and  invested 
with  a  close  network  of  capillary  bloodvessels.  It  follows,  thero- 
fore,  from  the  abundant  inosculation  of  the  lobular  capillaries,  and 
the  manner  in  which  they  are  entangled  with  the  hepatic  tissoe^ 
that  the  blood,  in  passing  through  the  circulation  of  the  Wver, 
comes  into  the  most  intimate  relation  with  the  glandular  cells  of 
the  organ,  and  gives  up  to  them  the  nutritious  materials  which  are 
afterward  converted  into  the  ingredients  of  the  bile. 
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CHAPTER   XVII. 

EXCRETION. 

have  now  come  to  the  last  division  of  the  great  nutritive 
n,  viz.,  the  process  of  excretion.  In  order  to  understand  fairly 
are  of  this  process  we  must  remember  that  all  the  component 
•f  a  living  organism  are  necessarily  in  a  state  of  constant 
.  It  is  one  of  the  essential  conditions  of  their  existence  and 
J  that  they  should  go  through  with  this  incessant  transforma- 
id  renewal  of  their  component  substances.  Every  living 
and  vegetable,  therefore,  constantly  absorbs  certain  materials 
le  exterior,  which  are  modified  and  assimilated  by  the  pro- 
nutrition,  and  converted  into  the  natural  ingredients  of  the 
5ed  tissues.  But  at  the  same  time  with  this  incessant  growth 
pply,  there  goes  on  in  the  same  tissues  an  equally  incessant 
1  of  waste  and  decomposition.  For  though  the  elements  of 
i  are  absorbed  by  the  tissues,  and  converted  into  musculine, 
hsematine  and  the  like,  they  do  not  remain  permanently  in 
idition,  but  almost  immediately  begin  to  pass  over,  by  a  con- 
■e  of  the  alterative  process,  into  new  forms  and  combinations, 
ire  destined  to  be  expelled  from  the  body,  as  others  continue 
bsorbed.  Thus  Spallanzani  and  Edwards  found  that  every 
ied  tissue  not  only  absorbs  oxygen  from  the  atmosphere 
:es  it  in  its  own  substance;  but  at  the  same  time  exhales 
-c  acid,  which  has  been  produced  by  internal  metamorphosis, 
rocess,  by  which  the  ingredients  of  the  organic  tissues,  al- 
brmed,  are  decomposed  and  converted  into  new  substances, 
d  the  process  of  Destructive  Assimilation. 
>rdingly  we  find  that  certain  substances  are  constantly  mak- 
iir  appearance  in  the  tissues  and  fluids  of  the  body,  which 
;  exist  there  originally,  and  which  have  not  been  introduced 
le  food,  but  which  have  been  produced  by  the  process  of  in- 
metamorphosis.  These  substances  represent  the  waste,  or 
logical  detritus  of  the  animal  organism.    They  are  the  forms 
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under  which  those  materials  present  themselves,  which  have  oooe 
formed  a  part  of  the  living  tissues,  but  which  have  become  altered 
by  the  incessant  changes  characteristic  of  organized  bodies,  and 
which  are  consequently  no  longer  capable  of  exhibiting  vital  pro- 
perties, or  of  pertbrining  the  vital  functions.  They  are,  therefore, 
destined  to  be  removed  and  discharged  from  the  animal  frame,  ind 
are  known  accordingly  by  the  name  of  "Excrementitiom  Snhstanca. 

These  excrementitiuus  substances  have  peculiar  characters  by 
which  they  may  be  distinguisheil  from  the  other  ingredients  of  llie 
living  body ;  and  they  might,  therefore,  bo  made  to  constitute  a 
fourth  class  of  proximate  principles,  in  addition  to  the  three  which 
we  have  enumerated  in  the  prece<ling  chapters.  They  are  all  sub- 
stances of  definite  chemical  composition,  and  all  susceptible  of 
crystal lization.  Some  of  the  most  important  of  them  contain  nitro- 
gen, while  a  few  are  non-nitrogenous  in  their  composition.  Thev 
originate  in  the  interior  of  living  bodies,  and  are  not  found  else- 
where, except  occasionally  as  the  result  of  decomposition.  Thej 
are  nearly  all  soluble  in  water,  and  are  soluble  without  exception  in 
the  animal  fluids.  They  are  formed  in  the  substance  of  the  tisBUtrs 
from  which  they  are  absorbed  by  the  blood,  to  be  afterward  oonTcjed 
by  the  circulating  fluid  to  certain  e.xcretory  organs,  particularly  the 
kidneys,  from  which  they  are  iinally  discharged  and  exijolled  from 
the  body.  This  entire  process,  made  up  of  the  production  of  the 
excrementitioua  substances,  their  absorption  by  the  blood,  and  their 
final  cliiuiDation,  is  known  as  the  process  of  excretion. 

Tlie  importance  of  this  process  to  the  maintenance  of  life  is  readily 
shown  by  the  injurious  effects  which  follow  upon  its  disturbanoa 
If  the  dischurge  of  the  excrementitious  sub-stances  be  in  any  way 
impeded  or  suspended,  these  substances  accumulate,  either  in  the 
blood  or  in  the  tissues,  or  in  both.  In  consequence  of  this  relentioa 
and  accumulation,  they  become  poisonous,  and  rapidly  produce  a 
derangenjent  of  the  vital  functions.  Their  influence  is  principally 
exerted  upon  the  nervous  system,  through  which  they  produce 
most  frequent  irritability,  disturbance  of  the  special  senses,  deli' 
rium,  insensibility,  coma,  and  finally  death.  The  readiness  with 
which  these  eflects  are  produced  depends  on  the  character  of  the 
excrementitious  substuncc,  and  the  rapidity  with  which  it  is  pro- 
duced in  the  body.  Thus,  if  the  elimination  of  carbonic  acid  he 
stoppe<l,  by  overloading  the  atmosphere  with  an  abundance  of  the 
same  gas,  death  takes  place  at  the  end  of  a  few  minutes;  but  if  the 
elimination  of  urea  by  the  kidneys  be  checked,  it  requires  three 
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foar  days  to  produce  a  fatal  result.  A  fatal  result,  however,  is  cer 
tain  to  follow,  at  the  end  of  a  longer  or  shorter  time,  if  any  one  of 
these  Bubstanoes  be  compelled  to  remain  in  the  body,  and  accumu- 
late in  the  animal  tissues  and  fluids. 

The  principal  excrementitious  substances  known  to  exist  in  the 
human  body  are  as  follows : — 

1.  Carbonic  acid     .      ' .        .        .        .  COj 

2.  Urea C,H^NjO, 

3.  Creatine C,U^J0^ 

4.  Creatinine C.H^NsO, 

6.  Urate  of  8oda NaO,CtHN,0,+HO 

6.  Urate  of  poUssa        ....  KO,CjHN,Og 

7.  Urate  of  ammonU     ....  NH40,2GjHN,0,+HO 

The  physiological  relations  of  carbonic  acid  have  already  been 
studied,  at  sufficient  length,  in  the  preceding  chapters. 

The  remaining  excrementitious  substances  may  be  examined 
tf^etfaer  with  the  more  propriety,  since  they  are  all  ingredients  of 
a  single  excretory  fluid,  viz.,  the  urine. 


Ubea. — This  is  a  neutral,  crystallizable,  nitrogenous  substance. 
very  readily  soluble  in  water,  and  easily  decomposed  by  various 
external  influences.     It  occurs 
in  the  urine  in  the  proportion  *'^fr  *^®* 

of  80  parts  per  thousand;  in 
the  blood,  in  the  normal  condi- 
tion, according  to  Picard,'  in 
the  proportion  of  1.6  per  ten 
thousand.  The  blood,  how- 
ever, is  the  source  from  which 
this  substance  is  supplied  to 
the  urine;  and  it  exists,  ac- 
eordingly,  in  but  small  quan- 
tity in  the  circulating  fluid,  for 
the  reason  that  it  is  constantly 
drained  off  by  the  kidneys. 
But  if  the  kidneys  be  extir- 
pated, or  the  renal  arteries  tied, 
so  that  the  excretion  of  urine  is  suspended,  the  urea  then  accumu 


UmiA,  prepared  flrom  nrine,  and  nTstelUsed  bj 
■low  eraporBtlon.    (After  Lehmann.) 


1  In  Milne  Edwards,  Le9ons  sur  la  Physiologie,  &o.,  toI.  i.  p.  297. 
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lates  in  the  blood,'  and  presents  itself  there  in  considerahle  quan- 
tity.    It  has  also  been  found  in  the  blood,  in  the  human  subjwV, 
in  cases  of  disease  of  the  kidney,  in  unnatural  proportions,  amount, 
tng,  in  some  instances,  to  1.5  parts  per  thousand.*     It  is  not  ytt 
known  from  what  source  the  urea  is  originally  derived;  whcllur 
it  is  produced  in  tho  blood  itself,  or  whether  it  is  formed  in  some 
of  the  solid  tissues,  and  thence  taken  up  by  the  blood.     It  has  Wn 
found,  however,  by  Zalesky,'  in  the  muscles  of  the  healthy  thtg,  iiL 
the  exceedingly  minute  proportion  of  from  one  to  two  parti  per- 
hundred  thousand. 

Urea  is  obtained  most  readily  from  the  urine.     For  this  purpose- 
the  fresh  urine  is  evaporated  ra  the  water  bath  until  it  hasasyrupr 
consistency.     It  is  then  mixed  with  an  equal  volume  of  nitric  aciC- 
which  forms  nitrate  of  urea.     This  salt,  being  less  soluble  than  pun 
urea,  rapidly  crystallizes,  after  which  it  is  separated  by  filir 
from  the  other  ingredients.    It  is  then  dissolved  in  water  and  de 
posed  by  carbonate  of  lead,  forming  nitrate  of  lead  which  remais 
in  solution,  and  carbonic  aeid  which  escapes.     The  solution  is  the 
evaporated,  the  urea  diss<jlvcd  out  by  alcohol,  and  finally  crystal- 
lized in  a  pure  state. 

Urea  has  no  tendency  to  spontaneous  decomposition,  and  roai 
be  kept,  when  perfectly  pure,  in  a  dry  state  or  dissolved  in  w«tei — ^P 
fur  an  indefinite  length  of  time.     If  the  watery  solutiim  be  boilc<M 
however,  the  urea  is  converted,  during  the  process  of  ebullitiot 
into  carbonate  of  ammonia.     One  eqtiivalent  of  urea  unites  wit'' 
two  equivalents  of  water,  and  bocumes  transformed  into  two  equiv_ai 
lents  of  carbonate  of  ammonia,  as  follows : — 


CjH,N,0^=lTrea. 


CjH^N.O, 


NHj.COjSsCftrboDBte  of  aronionia. 

2 


Various  impurities,  also,  by  acting  as  catalytic  bodies,  will  in- 
duce the  same  change,  if  water  be  present.  Animal  substances  in 
a  state  of  comineueing  decomposition  are  particularly  liable  to  act 
in  this  wa^.     In  order  that  the  conversion  of  tho  urea  be  thus  pro- 


1  Prevoat  and  Dumna.  Annalesde  Chimie  et  de  Pliysique,  1823,  tomozxlit.  p.  W. 
— S^galas.  Journal  *le  rbysiologit.',  (oiueii.  p.  So4. — ^(itsolicrlich.  Ticdcmana,  ti><l 
Gmelin.  Pog^endorf  a  Ann«ti>n,  tome  zxsi.  p.  303. — CI.  Bernard.  LiquiJci  4* 
rorganianic.     PariH,  l8ot^,  lome  ii..  Deuxierae  L«9on. 

*  III  Miln«  Edwards,  o[i.  ciL,  toI,  L  p.  20H, 

*  Uotersuchuagcn  iiber  don  Uraiuiftchea  Prooeaa.     Tubingen,  1866,  Table  iii. 


UREA.  349 

sd,  it  is  necessary  that  the  temperature  of  the  mixture  be  not 
Tom  70"  to  100''  F. 

ie  quantity  of  urea  produced  and  discharged  daily  by  a  healthy 
;  i^  according  to  the  experiments  of  Lehmann  and  others,  about 
^fains.  It  varies  to  some  extent,  like  all  the  other  secreted 
xcreted  products,  with  the  size  and  development  of  the  body, 
axin,  in  experiments  on  his  own  person,  found  the  average 
quantity  to  be  501  grains.  Bischofif,  who  was  a  man  above 
'^rage  size  and  weight,  by  similar  experiments  *  found  it  to 
O  grains.  Prof.  William  A.  Hammond,*  whose  weight  was 
ounds,  found  it  to  be  670  grains.     Prof.  John  C.  Draper,' 

weight  was  145  pounds,  found  it  408  grains. 
t«u  been  shown  by  Prof.  John  C.  Draper*  that  there  is  also  a 
»2  variation  in  the  normal  quantity  of  urea.  A  smaller  quan- 
>  produced  during  the  night  than  during  the  day ;  and  this 
suce exists  even  in  patients  who  are  confined  to  the  bed  during 
V»ole  twenty-four  hours,  as  in  the  case  of  a  man  under  treat- 
foT  fracture  of  the  leg.  This  is  probably  owing  to  the  greater 
"tj,  during  the  waking  hours,  of  both  the  mental  and  digestive 
>-ons.  More  urea  is  produced  in  the  latter  half  than  in  the 
>"tr  half  of  the  day ;  and  the  greatest  quantity  is  discharged 
ig  the  four  hours  from  6J  to  10 J  P.  M. 

•e  quantity  of  urea  varies  also  with  the  nature  of  the  food, 
ciann,  by  experiments  on  his  own  person,  found  that  the  quan- 
»vas  larger  while  living  exclusively  on  animal  food  than  with 
3ced  or  vegetable  diet ;  and  that  its  quantity  was  smallest  when 
^ned  to  a  diet  of  purely  non-nitrogenous  substances,  as  starch, 
ir,  and  oil.  The  following  table*  gives  the  result  of  these  ex- 
ments. 

KiXD  or  Food.  Bailt  Quantitt  or  Ubka. 

Animal •         .        .        821  grains. 

Mixed 501      " 

Vegetable     . 847      " 

Non-nitrogenous   .......        237      " 

bese  experiments  have  since  been  abundantly  confirmed ;  so 
h  so  as  to  induce  the  belief,  with  some  writers,  that  the  varia- 
}  in  the  daily  quantity  of  urea  are  principally,  if  not  altogether, 
lected  with  the  amount  of  nitrogenous  food  consumed. 

'  Bernard.     Lemons  de  Physiologic.     Paris,  1859,  Tol.  ii.  p.  31. 

*  American  Journal  Med.  Sci.,  .Tan.,  1855,  and  April,  1850. 
•New  York  Journal  of  Medicine,  March,  1856. 

*  Loc.  eit.  *  Lehmann,  op.  clt.,  vol.-  ii.  p.  1G3. 
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Finally,  the  daily  quantity  of  urea  varies  with  the  degree  of 
bodily  activity.  Both  Lehmann  and  Hammond  found  it  very  ko- 
sibly  increased  by  muscular  exertion  and  diminished  by  repo«c 
The  most  recent  and  conclusive  investigationa  on  this  subject  iw 
those  of  Prof.  A.  Flint,  Jr.,'  on  the  excretions  of  the  pedestrian  B. 
P.  Weston,  while  walking  an  average  distance  of  nearly  64  mile* 
per  day  for  five  consecutive  days.  Those  experiments  have  llie 
advantage,  in  the  fir.st  place,  of  being  carried  out  in  an  iiistfttwo 
where  an  unusual  amount  of  muscular  work  was  performed,  while 
the  food  taken  did  not  difter  essentially  from  that  of  an  onlinar/ 
diet;  and  secondly,  of  being  continued  for  a  sufficiently  long  tinw!, 
before,  during,  and  after  the  exertion,  to  secure  results  more  reli* 
able  than  those  previously  obtained. 

The  pedestrian  was  under  observation  for  fil\ecn  days;  namely, 
five  days  previous  to  the  walk,  five  days  during  its  conlinuanf<i 
and  five  days  immediately  afterward.  For  the  period  preceding 
the  walk,  the  average  exercise  was  about  eight  miles  per  day:  fur 
that  subsequent  to  the  walk,  it  was  a  little  over  two  miles  per  Jut. 
The  results  obtained  during  the  three  periods  showed,  aocordinglr* 
the  normal  amount  of  urea  excreted  by  the  pedestrian  under  opii- 
nary  conditions,  the  amount  discharged  during  an  unusual  wi 
nearly  continuous  muscular  exertion,  and  the  subsequent  eftottj 
of  the  exertion  on  the  general  condition  of  tho  system. 

The  nitrogenous  ingredients  of  the  food,  during  all  three  pericxU, 
were  also  accurately  recorded,  so  that  the  influence  of  the  food  it- 
self on  the  amount  of  urea  may  be  estimated  at  the  same  lime  with 
that  of  tho  muscular  exertion. 

The  following  table  gives  the  main  results  of  these  experimeaH 
ao  far  as  they  are  connected  with  our  present  subject. 


1 

I 


I>aily  Qtuuitlt.v  of 


Urea > 

Nitrog«Q  in  food 

Nilrogca  in  urea 

Tola!  nitrogen  in  urea  and  feces. 

Nitrogen  in  uroa  and  feces  per 

100  jiartfl  of  iiiirogcn  in  food 


Flnt  Period. 

riT«  dajri 

brforx  ths  walk. 


G28.24  graina. 
339.46   " 
293.18   •' 
316.09   •■ 


SMroiiil  Period. 

FiTo  dayi 
during  tho  walk. 


722  16  graina. 
284.76       " 
887.01       " 
861.62       •• 

174.81 


nir4l 
•dartbtiraU.   , 


726.79  graiu. 
440.93      " 
330.17      " 
873.15      " 

91. «J 


It  ia  evident,  therefore,  that  during  the  time  of  unusual  muaco- 
lar  exertion  the  daily  quantity  of  urea  was  increased  by  nearly 
fifteen  per  cent,  over  that  of  the  previous  ordinary  condition,  the 

•  New  York  Medical  Journal,  Jane,  1871. 


>genous  elementa  of  the  food  bfjing  at  the  same  tirao  consider- 
ably diminished  ;  and  that,  during  the  period  of  exertion,  the  total 
quantity  of  nitrogen  discharged  by  the  urea  and  feces  combined 
was  nearly  seventy-five  per  cent,  greater  than  that  introduced  with 
the  food,  while  in  both  the  previous  and  subsequent  periods  it  was 
from  about  four  and  a  half  to  eight  per  cent.  less.  During  the 
period  of  exertion  there  was  a  loss  of  nearly  three  and  a  half  pounds 
of  bodily  weight,  and  an  increase  of  a  similar  amount  during  the 
subsequent  period  of  rest.  The  author  fairly  explains  the  above 
loss  of  Weight  by  the  disintegration  of  muscular  tissue,  and  the 
subsequent  increase  by  a  retention  of  nitrogenous  constituents  iu 
the  body,  to  repair  the  waste  thus  produced, 

"During  the  five  days  of  the  walk,'  Mr.  Weston  consumed  in 
all  1,173.80  grains  of  nitrogen  in  his  food.  During  the  same  period 
he  eliminated  l,y07.60  grains  of  nitrogen,  in  the  urine  and  feces. 
This  leaves  633.80  grains  of  nitrogen,  over  and  above  the  nitrogen 
of  the  food,  which  must  be  attributed  to  the  waste  of  his  tissues, 
and  probably  almost  exclusively  to  the  waste  of  his  muscular 
tissue.  According  to  the  best  authorities,  lean  meat  uncooked, 
or  muscular  tissue,  contains  3  per  cent,  of  nitrogen.  The  loss  of 
633.80  grains  of  nitrogen  would  tlicn  represent  a  loss  of  21,127.00 
grains,  or  3.018  lbs.  of  muscular  tissue.  The  actual  loss  of  weight 
was  3.450  lbs.  This  allows  about  0.43  lb.  of  loss  unaccounted  for, 
which  might  be  fat  or  water." 

Urea  exi.sts  in  the  urine  of 
both  the  carnivorous  and  her- 
bivorous quadrupeds;  but,  as  a 
general  rule,  there  is  little  or 
none  to  be  found  in  that  of  birds, 
reptiles,  or  fish. 

Jrkatine. — This  is  a  neutral 
erystallizablo  substance,  found 
in  the  muscles,  the  blood,  and 
the  urine.  It  is  soluble  in  water, 
very  slightly  soluble  in  alcohol, 
and  not  at  all  so  in  ether.  By 
boiling  with  an  alkali,  it  is  either 
converted  into  carbonic  acid 
and  ammonia,  or  is  decomposed  with  the  production  of  urea  and 

1  Op.  cit.,  p.  609, 


C  R  K  .1 1 1  n  I,  eryitalllied  ftam  hot  watrr. 
LehDiMin.) 


(Aftor 
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an  artificial  nitrogenous  crystal lizuble  substance,  termed  sarcosirf. 
By  being  heiited  witli  strong  acids,  it  loses  two  equivalents  o( 
water,  and  is  converted  into  the  substance  next  to  be  described, 
viz.,  creatinine. 

Creatine  exists  in  the  urine,  in  the  human  subject,  in  the  proportion 
of  about  1.25  parts,  and  in  the  muscles  in  the  proportion  of  0.67  pans 
pertliousand.    Its  quantity  in  the  blood  has  not  been  dettr  ' 

thcmusoulartissueitissimpIyinsolutionintheinterstitM    i 
parts,  so  that  it  maybe  extracted  by  simply  cutting  the  muscle  into 
small  pieces,  treating  it  with  distilled  water,  and  subjecting  it  w 

pressure.     Creatine    evidently 
*       ■  originates  in  the  muscular  tiv 

sue,  is  absorbed  thence  by  ibe 
blood,  and  is  finally  discharged 
with  the  urine. 


Creattxime. — This  is  also* 
crystallizable  substance.  Itdif- 
fers  in  composition  from  ctm* 
tine  by  containing  two  equiva- 
lents less  of  the  elements  of 
water.  It  is  more  soluble  in 
water  and  in  spirit  than  crea- 
tine, and  dissolves  slightly  also 
in  ether.  It  has  a  distinctly 
It  occurs,  like  creatine,  in  the  muscles,  the  blood, 


Crr  ATimxR,    crjuUlllird   froin    hot  Wkt«r. 
(Alter  L'-liiiiiiiia.) 


alkaline  reaction 

and  the  urine;  and  is  undoubtedly  first  produced  in  the  rauscnUr 
tissue,  to  be  discharged  linuliy  by  the  kidneys.  It  is  very  possihW 
that  it  originates,  not  directly  from  the  muscles,  but  indirectly,  hy 
transformation  of  a  part  of  the  creatine;  since  it  may  be  artificially 
produced,  as  we  have  already  mentioned,  by  transformation  of  tbc 
latter  substance  under  the  influence  of  strong  acids,  and  since,  fur- 
thermore, while  creatine  is  more  abundant  in  the  muscles  than 
creatinine,  iu  the  urine,  on  the  contrary,  there  is  a  larger  quantity 
of  creatinine  than  of  creatine.  Both  these  substances  have  been 
found  in  the  muscles  and  in  the  urine  of  the  lower  animals, 

Ukatr  of  Soda. — As  its  name  implies,  this  substance  is  a  neu 
tral  s:dt,  formed  by  the  union  of  soda,  as  a  base,  with  a  nitrogenous 
animal  acid,  viz.,  uric  acid  (C,HN,O^HO).     Uric  acid  is  sometimes 
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spoken  of  as  though  it  were  itself  a  proximate  principle,  and  a 
oonstitaent  of  the  urine;  but  it  cannot  properly  be  regarded  as 
saoh,  since  it  never  occurs  in  a  free  state,  in  a  natural  condition  of 
the  fluids.  When  present,  it  has  always  been  produced  by  decom- 
position of  the  urates. 

Urate  of  soda  is  readily  soluble  in  hot  water,  from  which  a  large 
portion  again  deposits  on  cooling.  It  is  slightly  soluble  in  alcohol, 
and  insoluble  in   ether.    It 

crystallizes  in  small  globu-  Pig- 122. 

lar  masses,  with  projecting, 
carved,  conical,  wart-like 
excrescences.  (Fig.  122.)  It 
dissolves  readily  in  the  alka- 
lies ;  and  by  most  acid  solu- 
tions it  is  decomposed,  with 
the  production  of  free  uric 
acid. 

Urate  of  soda  is  a  constant 
ingredient  of  human  urine, 
in  which  it  is  next  in  im- 
portance to  the  urea ;  being 
present  in  the  proportion  of 
rather  more  than  one  part 
per  thousand.    It  has  not 

yet  been  detected  in  normal  human  blood,  but  has  often  been  found 
both  in  the  blood  and  exudations  in  cases  of  gouty  and  rheumatic 
disease.  It  is  therefore  undoubtedly  either  produced  originally 
in  the  blood,  or  else  formed  in  some  of  the  solid  tissues,  and  absorbed 
from  them  by  the  circulating  fluid.  It  is  constantly  eliminated 
by  the  kidneys,  in  company  with  the  other  ingredients  of  the 
urine.  The  average  daily  quantity  of  urate  of  soda  discharged  by 
the  healthy  human  subject  is,  according  to  Lehmann,  about  25 
grains.  This  substance  exists  in  the  urine  of  the  carnivorous  and 
omnivorous  animals,  but  not  in  that  of  the  herbivora.  In  the  lat- 
ter, it  is  replaced  by  another  substance,  differing  somewhat  from  it 
in  composition  and  properties,  viz.,  hippurate  of  soda.  The  urine 
of  herbivora,  however,  while  still  very  young  and  living  upon  the 
milk  of  the  mother,  has  been  found  to  contain  urates.  But  when 
the  young  animal  is  weaned,  and  becomes  herbivorous,  the  urate 
of  soda  disappears,  and  is  replaced  by  the  hippurate. 

28 


Ukatb  or  Soda;  from  a  arinary  depoilt. 
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The  vnilfa  of  potassa  ami  ammonia  resemble  the  pre<3e<3ing  salt 
very  closely  in  tbeir  physiological  relatious.  They  are  funue»l  lu 
much  smaller  quantity  than  the  urate  of  soda,  and  appear  like  it 
as  ingredients  of  the  urine. 

Formation  and  General  Characters  of  the  Uri5L— 
The  substances  above  enumerated  closely  resemble  each  other  in 
their  most  striking  and  important  characters.  They  all  contain 
nitrogen,  are  all  cryatallizable,  and  all  readily  soluble  in  waivr. 
They  all  originate  in  the  mterior  of  the  body  by  the  decotnpodtioo 
or  catalytic  transformation  of  its  organic  ingredients,  and  arc  all 
conveyed  by  the  blood  to  the  kidneys,  to  be  finally  expelled  vilh 
the  urine.  These  are  the  substances  which  represent,  to  a  great 
extent,  the  final  transformation  of  the  organic  or  albuminoid  in- 
gredients of  the  tissues.  It  has  already  been  mentioned,  in  a  pre- 
vious chapter,  that  these  organic  or  albuminoid  substances  are  not 
discharged  I'rom  the  b(jdy,  under  their  own  form,  in  quantity  at  all 
proportionate  to  the  abundance  witli  which  they  are  introduced. 
By  far  the  greater  part  of  the  mass  of  the  frame  is  made  up  of 
organic  substances:  albumen,  musculine,  osteine,  &c.  Similar 
materials  are  taken  daily  in  large  quantity  with  the  food,  in  order 
to  supply  the  nutrition  and  waste  of  those  already  composing  the 
tissues;  and  yet  only  a  very  insignificant  quantity  of  simiUr 
material  is  expelled  with  the  excretions.  A  minute  proportion  of 
volatile  animal  matter  is  exhaled  with  the  breath,  and  a  minute 
proportion  also  with  the  perspiration.  A  very  small  quantity  i« 
discharged  under  the  form  of  mucus  and  coloring  matter,  with  the 
urine  and  feces;  but  all  these  taken  together  are  entirely  insuffi- 
cient to  account  for  the  constant  and  rapid  disappearance  of  organic 
matters  in  the  interior  of  the  body.  These  matters,  in  fact,  before 
being  discharged,  are  converted  by  catalysis  and  decomiwsitioii  into 
new  substances.  Carbonic  acid,  under  which  form  3500  grains  of 
carbon  are  daily  expelled  from  the  body,  is  one  of  these  substaooeB; 
the  others  are  urea,  creatine,  creatinine,  and  the  urates. 

We  see,  then,  in  what  way  the  organic  mattersi,  in  ceasing  tofonn 
a  part  of  the  living  body,  lose  their  characteristic  properties,  and 
are  converted  into  crystallizable  substances,  of  definite  chemic'il 
composition.  It  is  a  kind  of  retrograde  metamorphosifi^  by  which 
they  return  more  or  less  to  the  condition  of  ordinary  inorganio 
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materials.  These  excrementitious  matters  are  themselves  decom- 
osed,  after  being  expelled  from  the  body,  under  the  influence  of 
he  atmospheric  air  and  moisture ;  so  that  the  decomposition  and 
lestruction  of  the  organic  substances  are  at  last  complete. 

It  will  be  seen,  consequently,  that  the  urine  has  a  character 
altogether  peculiar,  and  one  which  distinguishes  it  completely 
rom  every  other  animal  fluid.  All  the  others  are  either  nutritive 
luids,  like  the  blood  and  milk,  or  are  destined,  like  the  secretions 
^nerally,  to  take  some  direct  and  essential  part  in  the  vital  opera- 
ions.  Many  of  them,  like  the  gastric  and  pancreatic  juices,  are 
reabsorbed  after  they  have  done  their  work,  and  again  enter  the 
surrent  of  the  circulation.  But  the  urine  is  merely  a  solution  of 
ixcrementitious  substances.  Its  materials  exist  beforehand  in  the 
sirculation,  and  are  simply  drained  away  by  the  kidneys  from 
the  blood.  There  is  a  wide  difference,  accordingly,  between  the 
fiction  of  the  kidneys  and  that  of  the  true  glandular  organs,  in 
(vhich  certain  new  and  peculiar  substances  are  produced  by  the 
gu^on  of  the  glandular  tissue.  The  kidneys,  on  the  contrary,  do 
ttot  secrete  anything,  properly  speaking,  and  are  not,  therefore, 
glands.  In  their  mode  of  action,  so  far  as  regards  the  excretory 
Sanction,  they  have  more  resemblance  to  the  lungs  than  to  any 
other  of  the  internal  organs.  But  this  resemblance  is  not  complete. 
For,  in  the  first  place,  the  lungs  are  adapted,  by  their  anatomical 
strncture,  to  the  absorption  and  exhalation  of  gases;  while  the 
natters  discharged  by  the  kidneys  are  in  a  liquid  form,  the  solid 
substances  being  dissolved  in  the  water  of  the  urine.  Furthermore, 
the  lungs  perform  a  double  function,  absorbing  oxygen  at  the  same 
time  that  they  exhale  carbonic  acid ;  while  the  kidneys  are  exclu- 
lively  occupied  in  the  discharge  of  the  urine,  absorbing  nothing  in 
return.  The  kidneys  alone,  therefore,  of  all  the  organs  in  the  body, 
are  purely  excretory  in  their  office.  The  urine  is  not  intended  to 
fulfil  any  function,  mechanical,  chemical,  or  otherwise ;  but  is  des- 
tined only  to  be  eliminated  and  expelled.  Since  it  possesses  so 
peculiar  and  important  a  character,  it  will  require  to  be  carefully 
studied  in  detail. 

The  urine  is  a  clear,  watery,  amber-colored  fluid,  with  a  distinctly 
icid  reaction.  It  has,  while  still  warm,  a  peculiar  odor,  which  dis- 
ippears  more  or  less  completely  on  cooling,  and  returns  when  the 
uine  is  gently  heated.  The  ordinary  quantity  of  urine  discharged 
laily  by  a  healthy  adult  is  about  35  fluid  ounces,  and  its  mean  specific 
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gravity,  1024.    BotTi   its  total  quantity,  howcv 
speciJic  gravity  are  liable  to  vary  somewhat  from  day  to  day,  owiag 
to  the  dii^ereut  proportions  of  vrater  and  iK)lid  ingredients  entering 
into  its  constitution.     Ordinarily  the  water  of  the  tiriue  is  more 
than  sufficient  to  hold  all  the  solid  matters  in  eolation ;  and  its  pro- 
portion may  therefore  be  diminished  by  accidental  causes  without 
the  urine  becoming  turbid  by  the  formation  of  a  deposit.    Under 
such  circumstances,  it  merely  becomes  deeper  in  color,  and  of  a 
higlier  specific  gravity.     Thus,  if  a  smaller  quantity  of  water  than 
usual  be  taken  iuto  the  system  with  the  drink,  or  if  the  fluid  ex- 
halations from  the  lungs  and  skin,  or  the  intestinal  disehsugo%  1» 
increased,  a  smaller  quantity  of  water  will  necessarily  pass  off  br 
the  kidneys ;  and  the  urine  will  be  diminished  in  quantity,  while  tta 
epecific  gravity  is  increased.     We  have  observed  the  urine  to  be 
reduced  in  this  way  to  eighteen  or  twenty  ounces  per  day,  its  epeciiio 
gravity  rising  at  the  same  time  to  1030.     On  the  other  Land,  if  tho 
fluid  ingesta  be  unusually  abundant,  or  if  the  perspiration  be  di: 
ntshed,  the  surplus  quantity  of  water  will  pass  off  by  the  kidneys; 
that  the  amount  of  urine  in  twenty-four  hours  may  be  increased 
forty-five  or  forty -aix  ounces,  and  its  specific  gravity  reduced 
the  same  time  to  1020  or  even  1017.     Under  these  conditions 
total  amount  of  solid  matter  discharged  daily  remains  about  th« 
same.     The  changes  above  mentioned  depend  simply   upon   the 
fluctuating  quantity  of  water,  which  may  pass  off  by  the  kidneys 
in  larger  or  smaller  quantity,  according  to  accidental  circumstanoes. 
In  these  purely  normal  or  physiological  variations,  therefore,  tlie 
entire  quantity  of  the  urine  and  its  mean  specific  gravity  v. 
always  iu  an  inverse  direction  with  regard  to  each  other ;  the  for 
increasing  while  the  latter  diminishes,  and  vict  versd.     K,  however,  i 
should  be  found  that  both  the  quantity  and  specific  gi'ftvity  of  thft 
urine  were  increased  or  diminished  at  the  same  time,  or  if  cith 
one  were  increased  or  diminished  while  the  other  remained  station^ 
ary,  such  an  alteration  would  show  an  actual  change  in  the 
amoimt  of  solid  ingreflienta,  and  would  indicate  an  unnatural  and 
pathological  condition.     This  actually  takes  place  in  certain  forms 
of  disease. 

The  amount  of  variation  in  the  quantity  of  water,  even,  may 
so  great  as  to  constitute  by  itself  a  pathological  condition.     Th 
in  hysterical  attacks  there  is  sometimes  a  very  abundant  flow 
limpid,  nearly  colorless  urine,  with  a  specific  gravity  not  over  1005 
or  1006.    On  the  other  hand,  in  the  onset  of  febrile  attacks^  the 
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quantity  of  water  is  of^n  so  much  diminished  that  it  is  no  longer 
sufiBcient  to  retain  in  solution  all  the  solid  ingredients  of  the  urine, 
and  the  urate  of  soda  is  thrown  down,  after  cooling,  as  a  fine  red 
or  yellowish  sediment.  So  long,  however,  as  the  variation  is  con- 
fined within  strictly  physiological  limits,  all  the  solid  ingredients 
are  held  in  solution,  and  the  urine  remains  clear. 

There  is  also,  in  a  state  of  health,  a  diurnal  variation  of  the  urine, 
both  in  regard  to  its  specific  gravity  and  its  degree  of  acidity. 
The  urine  is  generally  discharged  from  the  bladder  five  or  six 
times  during  the  twenty-four  hours,  and  at  each  of  these  periods 
shows  more  or  less  variation  in  its  physical  characters.  We  have 
found  that  the  urine  which  collects  in  the  bladder  during  the 
night,  and  is  first  discharged  in  the  morning,  is  usually  dense, 
highly  colored,  of  a  strongly  acid  reaction,  and  a  high  specific 
gravity.  That  passed  during  the  forenoon  is  pale,  and  of  a  low 
specific  gravity,  sometimes  not  more  than  1018  or  even  1015.  It 
is  at  the  same  time  neutral  or  slightly  alkaline  in  reaction.  Toward 
the  middle  of  the  day,  its  density  and  depth  of  color  increase,  and 
its  acidity  returns.  All  these  properties  become  more  strongly 
marked  during  the  afternoon  and  evening,  and  toward  night  the 
urine  is  again  deeply  colored  and  strongly  acid,  and  has  a  specific 
gravity  of  1028  or  1030. 

The  following  instances  will  serve  to  show  the  general  character? 
of  this  variation : — 

Obsebvation  First.     March  20(A. 
Urine  of  Ist  discharge,  acid,         sp.  gr.  1025. 
"     2d         «  alkaline,      "       1015. 

«     3d         "  neutral,        "      1018. 

"    4th        "  acid,  "      1018. 

'«     5th        "  acid,  "      1027. 

Obbkrvatioit  Second.     March  21«(. 
Urine  of  Ist  discharge,  acid,         sp.  gr.  1029. 
"     2d         "  neutral,        "      1022. 

"     3d         «  neutral,        «      1025. 

"     4th        "  acid,  "      1027. 

"     5th        "  acid,  "      1030. 

These  variations  do  not  always  follow  the  perfectly  regular 
course  manifested  in  the  above  instances,  since  they  are  somewhat 
liable,  as  we  have  already  mentioned,  to  temporary  modification 
firom  accidental  causes  during  the  day;  but  their  general  tendency 
nearly  always  corresponds  with  that  given  above. 

It  is  evident,  therefore,  that  whenever  we  wish  to  test  the  specific 
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gravity  aiul  acidity  of  tlie  urine  in  cases  of  disease,  it  will  not  be 
sufficietit  to  examine  any  s<ingle  specimea  taken  at  random ;  but  all 
tbe  diil'ereut  portions  discbnrged  during  the  day  should  be  collected 
and  examined  together.  Otherwise,  we  should  incur  the  risk  of 
regarding  as  a  permanently  morbid  symptom  what  might  be 
notiiing  more  than  a  purely  accidental  and  temporary  variation. 

The  chemical  vonstitution  of  the  urine  as  it  is  discharged  from  the 
bladder,  according  to  the  analyses  of  Berzelius,  Lehmauu,  Beoqi 
and  others,  is  as  follows : — 

Coupoemos  op  tbb  Ubibb. 

Water 

Urea 

Creatine    ........ 

Creatiniue  ....... 

Urate  of  gmia 


potassa     > 
aiumouia  i 


i.m 


Coloring  matter  and  \  ^ 

Macu!?  J 

BiphoRphate  of  soda 
Phosphate  of  soda 

"  potassa      jj-  . 12.-15 

"  magnesia 

"  lime 

Chlorides  of  srxtinm  aiid  potassiam 7< 

Sulphates  of  Boda  and  potaesa 6, 


lCHX).0(i 


We  need  not  repeat  that  the   proportionate  quantity  of  these 
difterent    ingredients,  as   given   above,  is  not  absolute,  but  onlj 
api.nxiximative ;    and  that  they  vary,  from   time  to  time,  i^^tbin] 
certain  physiological  limits,  like  the  ingredients  of  all  other  ani 
fluids. 

The  urea,  creatine,  creatinine  and    urates  have  all  been  sol 
ciently  described  nbove.     The  mucus  and  coloring  matter,  unliktt] 
the  other  ingredients  of  the  urine,  belong  to  the  class  of  organio 
substances  proper.     They  are  both  present,  as  may  be  .seen  bv  th«j 
analysis  quoted  above,  in  a  very  small  quantity.     The  coloring] 
matter,  or  urosar.ine,  is  in  solution  in  a  natural  condition  of  tho 
urine,  but  it  is  apt  to  be  eutangltid  by  any  accidental  deposits  which] 
ma}'  be  thrown  down,  and  mure  particularly  by  those  consisting  of  I 
the  urates.     These  dcposit-s,  from  being  often  strongly  colored  red 
or  pink  by  the  urosacine  thus  thrown  down  with  them,  are  known 
under  the  name  of  "  brick -dust"  sediments. 

The  mucus  of  the  urine  comes  frotn  the  lining  membrane  of 
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urinary  bladder.  When  first  discharged  it  is  not  visible,  owing  to 
its  being  uniformly  disseminated  through  the  urine  by  mechanical 
agitation ;  but  if  the  fluid  be  allowed  to  remain  at  rest  for  some 
hours  in  a  cylindrical  glass  vessel,  the  mucus  collects  at  the  bottom, 
and  may  then  be  seen  as  a  light  cottony  cloud,  interspersed  often 
with  minute  semi-opaque  points.  It  plays,  as  we  shall  hereafter 
see,  a  very  important  part  in  the  subsequent  fermentation  and 
decomposition  of  the  urine. 

BCphospJiate  of  soda  exists  in  the  urine  by  direct  solution,  since  it  is 
readily  soluble  in  water.  It  is  this  salt  which  gives  to  the  urine  its 
acid  reaction,  as  there  is  no  free  acid  present,  in  the  recent  condition. 
It  is  probably  derived  from  the  neutral  phosphate  of  soda  in  the 
blood  which  is  decomposed  by  the  uric  acid  at  the  time  of  its  form- 
ation ;  producing,  on  the  one  hand,  a  urate  of  soda,  and  converting 
a  part  of  the  neutral  phosphate  of  soda  into  the  acid  biphosphate. 

The  phosphates  of  lime  and  magnesia,  or  the  "  earthy  phosphates," 
as  they  are  called,  exist  in  the  urine  by  indirect  solution.  Though 
insoluble,  or  very  nearly  so,  in  pure  water,  they  are  held  in  solu- 
tion in  the  urine  by  the  acid  phosphate  of  soda,  above  described. 
They  are  derived  from  the  blood,  in  which  they  exist  in  considera- 
ble quantity.  When  the  urine  is  alkaline,  these  phosphates  are 
deposited  as  a  light-colored  precipitate,  and  thus  communicate  a 
turbid  appearance  to  the  fluid.  When  the  urine  is  neutral,  they 
may  still  be  held  in  solution,  to  some  extent,  by  the  chloride  of 
sodium,  which  has  the  property  of  dissolving  a  small  quantity  ol 
phosphate  of  lime. 

The  remaining  ingredients,  phosphates  of  soda  and  potassa,  sul 
pbates  and  chlorides,  are  all  derived  from  the  blood,  and  are  held 
directly  in  solution  by  the  water  of  the  urine. 

The  urine,  constituted  by  the  above  ingredients,  forms,  as  we 
have  already  described,  a  clear  amber-colored  fluid,  with  a  reaction 
for  the  most  part  distinctly  acid,  sometimes  neutral,  and  occasion- 
ally slightly  alkaline.  In  its  healthy  condition  it  is  affected  by 
chemical  and  physical  reagents  in  the  following  manner. 

Boiling  the  urine  does  not  produce  any  visible  change,  provided 
its  reaction  be  acid.  If  it  be  neutral  or  alkaline,  and  if,  at  the  same 
time,  it  contain  a  larger  quantity  than  usual  of  the  earthy  phos- 
phates, it  will  become  turbid  on  boiling ;  since  these  salts  are  less 
soluble  at  a  high  than  at  a  low  temperature. 

The  addition  of  nitric  or  other  mineral  acid  produces  at  first  only 
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a  slight  darkening  of  the  color,  owing  to  the  action  of  the  acid  aj 
the  organic  coloring  matter  of  the  uriue.  If  tho  mixture,  howL'ver^ 
be  allowed  to  stand  for  some  time,  the  urates  will  be  decoraposeitl 
and  pure  uric  acid,  which  is  very  insoluble,  will  be  deposited  in  s 
crystalline  form  uiion  the  sides  and  bottom  of  the  glass  vessel  _ 
It  must  be  remembered  that  uric  acid  does  not  normally  exist  in  ■ 
the  urine  under  its  o^vn  form,  but  in  combination  with  ibe 
alkalies,  as  tho  urate  of  soda,  potassa,  &c.  It  is  only  when  tbi« 
combination  is  destroyed  by  the  addition  of  a  free  acid,  that  lb* 
uric  acid  is  liberated,  and,  owing  to  its  insolubility,  appears  ks 
a  crystalline  deposit.  Its  crystals  have  most  frequently  the  form 
of  transparent  rhomboidal  plates,  or  oval  laminae  with  pointed 
extremities.  They  are  usually  tinged  of  a  yellowish  hue  by 
the  coloring  matter  of  the  urine  which  is  united  with  tbetn 
at  the  time  of  their  deposit.  They  are  frequently  arranged  in 
radiated  clusters,  or  small  spheroidal  masses,  so  as  to  present  tbo  < 

api'carance  of  minute  calcu- 
^g-  IM'  lous  concretions.     (Fig.  I23.| 

The  crystals  vary  very  mud 
in    size    and    regularity, 
cording  to  the  time  occupi« 
in  their  formation. 

If  a  free  alkali,  such 
potassa  or  soda,  be  added 
the'urine  so  as  to  neutrzili 
its  acid  reaction,  it 
immediately  turbid  from 
deposit  of  the  earthy  phoe — 
pbates,  which  are  insolubl^v 
in  alkaline  fluids. 

The  addition  of  nitrate  > 
baryta,   chloride   of   bariuu 
or  stibaoetate  of  lead  to  healthy  urine,  produces  a  dense  preci|>i 
tate,  owing  to  t!ie  presence  of  the  alkaline  sulphates. 

Nitrate  of  silver  produces  a  precipitate  with  tho  chlorides 
sodium  and  potassium. 

Suliacetate  of  lead  and  nitrate  of  silver  precipiUite  also  tbo 
ganic  substances,  mucus  and  coloring  matter,  present  in  the  urix-j, 
All  the  above  reactions,  it  will  be  seen,  are  owing  to  the  presesK^^ 
of  tho  natural  ingredients  of  the  urine,  and  do  not,  therefore,  i.t:x^\ 
abnormal  condition  of  the  excretion. 


<> 
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Beside  the  properties  mentioned  above,  the  urine  has  several 
others  which  are  of  some  importance,  and  which  have  not  been 
usually  noticed  in  previous  descriptions.  It  contains,  among  other 
ingredients,  certain  organic  substances  which  have  the  power  of 
interfering  with  the  mutual  reaction  of  starch  and  iodine,  and  even 
of  decomposing  the  iodide  of  starch,  after  it  has  once  been  formed. 
This  peculiar  action  of  the  urine  was  first  noticed  and  described 
by  us  in  1856.'  If  3j  of  iodine  water  be  mixed  with  a  solution 
of  starch,  it  strikes  an  opaque  blue  color ;  but  if  3j  of  fresh  urine 
be  afterward  added  to  the  mixture,  the  color  is  entirely  destroyed 
at  the  end  of  four  or  five  seconds.  If  fresh  urine  be  mixed  with 
four  or  five  times  its  volume  of  iodine  water,  and  starch  be 
subsequently  added,  no  union  takes  place  between  the  starch  and 
iodine,  and  no  blue  color  is  produced.  In  these  instances,  the  iodine 
unites  with  the  animal  matters  of  the  urine  in  preference  to  com- 
bining with  the  starch,  and  is  consequently  prevented  from  striking 
its  ordinary  blue  color  with  the  latter.  This  interference  occurs 
whether  the  urine  be  acid  or  alkaline  in  reaction.  In  all  cases  in 
which  iodine  exists  in  the  urine,  as  for  example  where  it  hsa;  been 
administered  as  a  medicine,  it  is  under  the  form  of  an  organic  com- 
bination ;  and  in  order  to  detect  its  presence  by  means  of  starch,  a 
few  drops  of  nitric  acid  must  be  added  at  the  same  time,  so  as  to 
destroy  the  organic  matters,  after  which  the  blue  color  immediately 
appears,  if  iodine  be  present.  This  reaction  with  starch  and  iodine 
belongs  also,  to  some  extent,  to  most  of  the  other  animal  fluids,  as 
the  saliva,  gastric  and  pancreatic  juices,  serum  of  the  blood,  &c. ; 
bat  it  is  most  strongly  marked  in  the  urine. 

Another  remarkable  property  of  the  urine,  also  dependent  on  its 
organic  ingredients,  is  that  of  interfering  with  Trommer's  test  for 
grape  sugar.  If  clarified  honey  be  mixed  with  fresh  urine,  and  sul- 
phate of  copper  with  an  excess  of  potassa  be  afterward  added,  the 
mixture  takes  a  dingy,  grayish-blue  color.  On  boiling,  the  color 
turns  yellowish  or  yellowish-brown,  but  the  suboxide  of  copper  is 
not  deposited.  In  order  to  remove  the  organic  matter  and  detect 
the  sugar,  the  urine  must  be  first  treated  with  an  excess  of  animal 
charooal  and  filtered.  By  this  means  the  organic  substances  are 
retained  upon  the  filter,  while  the  sugar  passes  through  in  solution, 
andinay  then  be  detected  as  usual  by  Trommer's  test. 

>  American  Jonroal  Med.  Soi.,  April,  1856. 
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Accidental  Ingredients  of  the  Uriiste. — Since  the  urine,  in 
its  natural  state,  consists  of  materials  wbich  are  already  prepared  in 
tbe  bloofl,  and  which  merely  pass  ont  through  the  kidneys  by  i 
kind  of  filtration,  it  is  not  surprising  that  most  medicinal  ami 
poisonous  substances,  introduced  into  the  circulation,  should  be 
expelled  from  the  body  by  the  same  channel.  Those  snbstanoa 
which  tend  to  unite  strongly  with  the  animal  matters,  and  to  form 
with  thera  insoluble  compounds,  such  as  the  preparations  of  iroo. 
lead,  silver,  arsenic,  mercury,  &c.,  are  least  liable  to  appear  in  the 
urine.  They  may  occasionally  be  detected  in  this  fluid  when  tbey 
have  been  given  in  large  doses,  but  when  administered  in  moderate 
quantity  are  not  usually  to  be  found  there.  Most  other  substanc«>, 
however,  accidentally  present  in  the  circulation,  pass  ofl'  reiidily  by  , 
the  kidneys,  either  in  their  original  form,  or  after  undergoing  oer-  H 
tain  chemical  motlifications.  ^ 

The  sfdts  of  the  organic  acids,  such  as  lactates,  acetates,  malata, 
kc,  of  soda  and  potassa,  when  introduced  into  the  circulation,  are 
replaced  by  the  carbonat.es  of  the  same  bases,  and  appear  uod«r 
tLat  form  in  the  urine.  The  urine  accordingly  becomes  alkaline 
from  the  presence  of  the  carbonates,  whenever  the  above  salts  hav« 
been  taken  in  large  quantity,  or  after  the  ingestion  of  fruits  and 
vegetables  which  contain  them.  Wc  have  already  spoken  (Chap.  IL) 
of  the  experiments  of  Lehraanu,  in  which  he  found  the  urine  exhi- 
biting  an  alkaline  reaction,  a  very  few  minutes  arter  the  administra* 
tion  of  lactates  and  acetates.  In  one  instance,  by  experimenting 
upon  a  person  with  congenital  extroversion  of  the  bladder,  in  whutn 
the  orifices  of  the  ureters  were  exposed,'  he  found  that  the  u 
became  alkaline  in  the  course  of  seven  minutes  after  the  iagostioa 
of  half  an  ounce  of  acetate  of  potassa. 

The  pure  alkalies  atul  their  carbonates,  according  to  the  same  ob- 
server, produce  a  similar  effect.    Bicarbonate  of  potassa.  for  exaoipk^ 
administered  in  doses  of  two  or  three  drachms,  causes  the  uri 
to  become  neutral  in  from  thirty  to  forty-five  minuies,  and  alkaltm 
in  the  course  of  an  hour.     It  is  in  this  way  that  certain  "anti-cal< 
culous"  or  "anti-lithic"  nostrums  operate,  when  given  with  a  vie 
of  dissolving  concretions  in  the  bladder.     Tbe.se  remedies,  wh 
are  usually  strongly  alkaline,  pass  into  the  urine,  and  by  gitring  ii 
an  alkaline  reaction,  produce  a  precipitation  of  the  earthy  ph« 
phates.     Such  a  precipitate,  however,  so  far  from  indicating  l 

I  I'liysiologic.it  riiernisly,  vol.  ii.  p.  133. 
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3cessful  disintegration  and  discbarge  of  the  calculus,  can  only 
id  to  increase  its  size  by  additional  deposit. 
Ferrocyanide  of  potassium,  when  introduced  into  tbe  circulation, 
pears  readily  in  the  urine.  Bernard*  observed  that  a  solution  of 
is  aalt^  after  being  injected  into  the  duct  of  the  submaxillary 
md,  could  be  detected  in  the  urine  at  the  end  of  twenty  minutes. 
Iodine,  in  all  its  combinations,  passes  out  by  the  same  channel, 
e  have  found  that  afler  the  administration  of  half  a  drachm  of 
3  eyrup  of  iodide  of  iron,  iodine  appears  in  the  urine  at  the  end 

thirty  minutes,  and  continues  to  be  present  for  nearly  twenty- 
ir  hours.    In  the  case  of  two  patients  who  had  been  taking  iodide 

potassium  freely,  one  of  them  for  two  months,  the  other  for  six 
seks,  the  urine  still  contained  iodine  at,  the  end  of  three  days 
»r  the  suspension  of  the  medicine.  In  three  days  and  a  half, 
wever,  it  was  no  longer  to  be  detected.  Iodine  appears  also, 
:er  being  introduced  into  the  circulation,  both  in  the  saliva  and 
9  perspiration. 

Qmnine,  when  taken  as  a  remedy,  has  also  been  detected  in  the 
inc.  EOier  passes  out  of  the  circulation  in  the  same  way.  "We 
ve  observed  the  odor  of  this  substance  very  perceptibly  in  the 
ine,  after  it  had  been  inhaled  for  the  purpose  of  producing  anses- 
Bsia.  The  bile-pigment  passes  into  the  urine  in  great  abundance 
some  cases  of  jaundice,  so  that  the  urine  may  have  a  deep  yellow 

yellowish  brown  tinge,  and  may  even  stain  linen  clothes,  with 
lich  it  comes  in  contact,  of  a  similar  color.  The  saline  biliary 
bstances,  viz.,  glyko-cholate  and  tauro-cholate  of  soda,  have  occa- 
>nally,  according  to  Lehmann,  been  also  found  in  the  urine.  In 
Bse  instances  the  biliary  matters  are  reabsorbed  from  the  hepatic 
icts,  and  afterward  conveyed  by  the  blood  to  the  kidneys. 
Sugar. — When  sugar  exists  in  unnatural  quantity  in  the  blood, 
passes  out  with  the  urine.  We  have  repeatedly  found  that  if 
gar  be  artificially  introduced  into  the  circulation  in  rabbits,  or 
jected  into  the  subcutaneous  areolar  tissue  so  as  to  be  absorbed  by 
3  blood,  it  is  soon  discharged  by  the  kidneys.    It  has  been  shown 

Bernard'  that  the  rapidity  with  which  this  substance  appears  in 
5  urine  under  these  circumstances  varies  with  the  quantity  in- 
sted  and  the  kind  of  sugar  used  for  the  experiment.  If  a  solution 
16  grains  of  .glucose  be  injected  into  the  areolar  tissue  of  a  rabbit 

1  Lemons  de  Physiologie  Exp^rimentale,  1856,  p.  111. 
1  Ibid.,  1855,  p.  214  et  leq. 
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weighing  a  little  over  two  pounds,  it  is  entirely  destroyed  in  the 
circulation,  and  does  not  pass  out  with  the  urine.  A  dose  ol"  23 
grains,  however,  injected  in  the  same  way,  appears  in  the  urine  ai 
the  end  of  two  hours,  30  grains  in  an  hour  and  a  half.  38  grains  in 
an  hour,  and  188  grains  in  fifteen  minutes.  Again,  the  kind  of 
sugar  used  makes  a  difference  in  this  respect.  For  while  15  grains 
of  glucose  may  be  injected  without  passing  out  by  the  kidners, 
7  J  grains  of  cane  sugar,  introduced  in  the  same  way,  fail  to  booom* 
pletely  destroyefl  in  the  circulation,  and  may  be  detected  in  the 
urine.  In  certain  forms  of  disease  (diabetes),  where  sugar  accu- 
mulates in  the  blood,  it  is  eliminated  by  the  same  channel;  and  a 
saccharine  condition  of  the  urine,  accompanied  by  an  increase  in 
its  quantity  and  specific  gravity,  constitutes  the  most  characteristie 
feature  of  the  disease. 

Finally,  alhumen  sometimes  shows  itself  in  the  nrine  in  ooiu^ 
queace  of  various  morbid  conditions,    ^fost  acute  inflammations 
of  the  internal  organs,  as  pneumonia,  pleurisy,  <kc.,  are  liable  to  hi 
accompanied,  at  their  outset,  by  a  congestion  of  the  kidneys,  u-bich 
produces  a  temporary  exudation  of  the  albuminous  elements  oft 
blood.    Albumen  has  been  found  in  the  urine,  according  to  Simoi 
Becquerel,  and  others,  in  pericarditis,  pneumonia,  pleurisv,  bron- 
chitis, hepatitis,  inflammation  of  the  brain,  peritonitis,  metritis,  kc 
We  have  observed  it,  as  a  temporary  condition,  in  pneumonia  and 
after  amputation  of  the  thigh.     Albuminous  urine  also  occurs  fre», 
quently  in  ]>regnaat  women,  and  in  those  afl'ectetl  with  abdominal 
tumors,  where  the  pressure  upon  the  renal  veins  is  sufficient 
produce  passive  congestion  of  the  kidneys.     When  the  renal  con- 
gestion is  spontaneous  in  its  origin,  and  goes  on  to  produce  actu 
degeneration  of  the  tissue  of  the  kidneys,  as  in  Bright's  disease,  th 
same  symptom  occurs,  and  remains  as  a  permanent  condition.     In 
all  such  instances,  however,  as  the  above,  where  foreign  ingredients 
exist  in  the  urine,  these  substances  do  not  originate  in  the  kidneys 
themselves,  but  are  derived  from  the  blood,  in  the  same  manner  as 
the  natural  ingredients  of  the  excretion. 
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CH.VNGES   IK  THE   UBIXE   DURING    DrCOM POSITION. — When 

urine  is  allowed  to  remain  exposed,  after  its  discharge,  at  ordina 
lemperatures,  it  becomes  decomposed,  after  a  time,  like  any  other 
animal  fluid;  and  this  decomposition  is  characterized  by  ccrtato 
changes  which  take  place  in  a  regular  order  of  succession,  as  fol- 
lows : — 
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Ailer  a  few  hours  of  repose,  the  mucus  of  the  urine,  as  we  have 
mentioned  above,  collects  near  the  bottom  of  the  vessel  as  a  light, 
nearly  transparent,  cloudy  layer.  This  mucus,  being  an  organic 
substance,  is  liable  to  putrefaction ;  and  if  the  temperature  to  which 
it  is  exposed  be  between  60°  and  100°  F.,  it  soon  becomes  altered, 
and  communicates  these  alterations  more  or  less  rapidly  to  the  super- 
natant fluid.  The  first  of  these  changes  is  called  the  acid  fermenta- 
tion of  the  urine.  It  consists  in  the  production  of  a  free  acid,  usually 
lactic  acid,  from  some  of  the  undetermined  animal  matters  con- 
tained in  the  excretion.  This  fermentation  takes  place  very  early  ; 
within  the  first  twelve,  twenty-four,  or  forty-eight  hours,  according 
to  the  elevation  of  the  surrounding  temperature.  Perfectly  fresh 
xirine,  as  we  have  already  stated,  contains  no  free  acid,  its  acid 
reaction  with  test  paper  being  dependent  entirely  on  the  presence 
of  btphosphate  of  soda.  Lactic  acid  nevertheless  has  been  so  fre- 
quently found  in  nearly  fresh  urine  as  to  lead  some  eminent 
chemists  (Berzelius,  Lehmann)  to  regard  it  as  a  natural  constituent 
of  the  excretion.  It  has  been  subsequently  found,  however,  that 
urine,  though  entirely  free  from  lactic  acid  when  first  passed,  may 
frequently  present  traces  of  this  substance  after  some  hours'  expo- 
sure to  the  air.  The  lactic  acid  is  undoubtedly  formed,  in  these 
caseSk  by  the  decomposition  of  some  animal  substance  contained  in 
the  urine.  Its  production  in  this  way,  though  not  constant,  seems 
to  be  sufficiently  frequent  to  be  regarded  as  a  normal  process. 

In  consequence  of  the  presence  of  this  acid,  the  urates  are  par- 
tially decomposed ;  and  a  crystalline  deposit  of  free  uric  acid  slowly 
takes  place,  in  the  same  manner  as  if  a  little  nitric  or  muriatic  acid 
had  been  artificially  mixed  with  the  urine.  It  is  for  this  reason 
that  urine  which  is  abundant  in  the  urates  frequently  shows  a  de- 
posit of  crystallized  uric  acid  some  hours  after  it  has  been  passed, 
though  it  may  have  been  perfectly  free  from  deposit  at  the  time 
of  its  emission. 

During  the  period  of  the  "  acid  fermentation,"  there  is  reason  to 
believe  that  oxalic  acid  is  also  sometimes  produced,  in  a  similar 
manner  with  the  lactic.  It  is  very  certain  that  the  deposit  of  oxa- 
late of  lime,  far  from  being  a  dangerous  or  even  morbid  symptom, 
as  it  was  at  one  time  regarded,  is  frequently  present  in  perfectly 
normal  urine  after  a  day  or  two  of  exposure  to  the  atmosphere. 
We  have  often  observed  it,  under  these  circumstances,  when  no 
morbid  symptom  could  be  detected  in  connection  either  with  the 
kidneys  or  with  any  other  bodily  organ.    Now,  whenever  oxalic 
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nciJ  is  formetl  in  the  urine,  it  must  necessarily  be  depositeH  m 
the  form  of  oxalate  of  lime;  since  this  salt  is  entirely  insoluble 
both  in  water  and  in  the  urine,  even  when  heated  to  the  boiling 
point.  It  is  difficult  to  understand,  therefore,  when  oxalnte  of  lime 
is  found  as  a  deposit  in  the  urine,  how  it  can  previously  have  heea 
held  in  solution.  Its  oxalic  acid  is  in  all  probability  gradually 
lormed,  as  we  have  said,  in  the  urine  itself;  uniting,  as  fast  as  it  it 
produced,  with  the  lime  previously  in  solution,  and  thus  appearing 
as  a  crystalline  deposit  of  oxalate  of  lime.  It  is  much  more  probable 
that  this  is  the  true  explanation,  since,  in  the  oases  to  which  we 
allude,  the  crystals  of  oxalate  of  lime  grow,  as  it  were,  in  the  cloud 
of  mucus  which  collects  at  the  bottom  of  the  vessel,  while  the 
supernatant  iSiud  remains  dear.    These  crystals  are  of  minato  size, 

transparent,    and     colorles.s 
?ig.  124.  auj  have  the  form  of  regular 

octohedra,  or  double  quad- 
rangular   pyramids,    united 
^  base  to  base.  (Fig.  124.)  They 

^     IS?/  \      make  their  appearance  usu- 

ally  about    the   oommeQO& 
I    ment  of  the  second  day,  tlte 
Sy  urine  at  the  same  time  con- 

tinuing clear  and  retaining 
its  acid  reaction.    This  depo- 
sit is  of  frequent  occurrence 
when  no  substance  contain- 
ing oxalic  acid  or  oxalates 
has  been  taken  with  the  food,  ^ 
The  precise  source  from^ 
which  the  oxalic  acid,  under 
these  circumstances,  is  derived  has  not  been  fully  determined.    The 
most  probable  explauatiou  is  that  it  is  produced  from  a  metamor 
phosis  of  a  small  portion  of  the  uric  acid  of  the  urine.     It  is  kno' 
that  if  urio  acid  be  boiled  in  twenty  parts  of  water  with  peroxji 
of  lead,  it  is  decomposed  and  oxidized  with  the  production,  amo 
other  substances,  of  urea  and  oxalic  acid ;  and  it  is  supposed  that 
some  similar  change  may  take  place  in  the  urine,  causing  the  ap- 
pearance of  a  minute  quantity  of  oxalic  acid,  which  at  once  decom* 
poses  a  portion  of  the  lime-salts,  and  thus  appears  as  a  crystaHine 
deposit  of  oxalate  of  lime. 
At    the    end  of  some    days  the    changes    above   described 
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come  to  an  end,  and  are  succeeded  by  a  different  process  known  as 
the  aUealine  fermetUation.  This  consists  essentially  in  the  decom- 
position or  metamorphosis  of  urea  into  carbonate  of  ammonia. 
As  the  alteration  of  the  mucus  advances,  it  loses  the  power  of  pro- 
ducing lactic  and  oxalic  acids,  and  becomes  a  ferment  capable  of 
acting  by  catalysis  upon  the  urea,  and  of  exciting  its  decomposition 
as  above.  We  have  already  mentioned  that  urea  may  be  converted 
into  carbonate  of  ammonia  by  prolonged  boiling  or  by  contact 
with  decomposing  animal  substances.  In  this  conversion,  the  urea 
unites  with  the  elements  of  two  equivalents  of  water ;  and  conse- 
quently it  is  not  susceptible  of  the  transformation  when  in  a  dry 
state,  but  only  when  in  solution  or  supplied  with  a  sufficient  quan- 
tity of  moisture.  The  presence  of  mucus,  in  a  state  of  incipient 
decomposition,  is  also  neces.<tary,  to  act  the  part  of  a  catalytic 
body.  Consequently  if  the  urine,  when  first  discharged,  be  passed 
throngh  a  succession  of  close  filters,  so  as  to  separate  its  mucus,  it 
may  be  afterward  kept,  for  an  indefinite  time,  without  alteration. 
But  under  ordinary  circumstances,  the  mucus,  as  soon  as  its  putre- 
&ction  has  commenced,  excites  the  decomposition  of  the  urea,  and 
carbonate  of  ammonia  begins  to  be  developed. 

The  first  portions  of  the  ammoniacal  salt  thus  produced  neutralize 
a  corresponding  quantity  of  the  biphosphat'e  of  soda,  so  that  the  acid 
reaction  of  the  urine  diminishes  in  intensity.  This  reaction  gradually 
becomes  weaker,  as  the  fermentation  proceeds,  until  it  at  last  disap- 
pears altogether,  and  the  urine  becomes  neutral.  The  production 
of  carbonate  of  ammonia  still  continuing,  the  reaction  of  the  fluid 
then  becomes  alkaline,  and  its  alkalescence  grows  more  strongly 
pronounced  with  the  constant  accumulation  of  the  ammoniacal  salt. 

The  rapidity  with  which  this  alteration  proceeds  depends  on  the 
character  of  the  urine,  the  quantity  and  quality  of  the  mucus  which 
it  contains,  and  the  elevation  of  the  surrounding  temperature.  The 
urine  passed  early  in  the  forenoon,  which  is  often  neutral  at  the 
time  of  its  discharge,  will  of  course  become  alkaline  more  readily 
than  that  which  has  at  first  a  strongly  acid  reaction.  In  the  summer, 
urine  will  become  alkaline,  if  freely  exposed,  on  the  third,  fourth, 
or  fifth  day ;  while  in  the  winter,  a  specimen  kept  in  a  cool  place 
may  still  be  neutral  at  the  end  of  fifteen  days.  In  cases  of  paralysis 
a£  the  bladder,  on  the  other  hand,  accompanied  with  cystitis,  where 
the  mucus  is  increased  in  quantity  and  altered  in  quality,  and  the 
urine  is  retained  in  the  bladder  for  ten  or  twelve  hours  at  the  tem- 
perature of  the  body,  the  change  may  go  on  much  more  rapidly,  so 
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tliat  the  urine  may  he  distinctly  alkaline  and  ammoniacol  at  the 
time  of  its  discharge.  In  these  cases,  however,  it  is  really  acid 
wht'ii  first  secreted  by  tbe  kidneys,  and  becomes  alkaline  wliile 
retained  in  the  interior  of  the  bladder. 

Tbe  first  effect  of  tbe  alkaline  condition  of  the  urine,  thus  pro. 
duced,  is  the  precipitation  of  the  earthy  phosphates.  These  salu^ 
being  insoluble  in  neutral  and  alkaline  fluids,  begin  to  precipitate u 
soon  as  the  natural  acid  reaction  of  the  urine  has  fairly  disappeared, 
and  thus  produce  in  the  fluid  a  whitish  turbidity.  This  precipitate 
slowly  settles  upon  the  sides  and  bottom  of  the  vessel,  or  is  ptrtlj 
entangled  with  certain  animal  matters  whicb  rise  to  the  surface  and 
form  a  thin,  opaline  scuin  upon  the  urine.  There  are  no  crystals 
to  be  seen  at  this  time,  but  the  deposit  is  entirely  amorphooa  and 
granular  in  character. 

The  next  change  consists  in  tbe  production  of  two  new  doal)l< 
salts  by  the  action  of  carbonate  of  ammonia  on  the  phosphates  of 
soda  and  magnesia.  One  of  these  is  the  "triple  phosphate,"  phos- 
phate of  magnesia  and  ammonia  (2MgO,NII^O,PO, 4-2110).  Tbe 
other  is  the  phosphate  of  soda  and  ammonia  (NaO,NII^O,I10,PO,+ 
8H0).  The  phosphate  of  magnesia  and  ammonia  is  formetl  frc«n 
tbe  phosphate  of  magnesia  in  the  urine  (3MgO,PO,4-7HO)  by 
the  replacement  of  one  equivalent  of  magnesia  by  one  of  am- 
monia. The  crystals  of  this  salt  are  very  elegant  and  cliarac* 
teristic.  They  show  themselves  throughout  all  parts  of  the  mix- 
ture; growing  gradually  in  tbe  mucus  at  the  bottom,  adhering  to 

the  sides  of  tho  glass,  and 
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scattered    abundantly    over  | 
the  film  which  collects  upottj 
the  surface.  By  their  refract' 
ive  power,  they  give  to  tbit^ 
film    a    peculiar    glistenini 
and    iridescent    appearai 
which  is  nearly  always  yisLA 
ble  at  the  end  of  six  or  seven' 
days.     The  crystals  are  per- 
fectly colorless  and  transpa- 
rent, and  have  tbe  form  of 
triangular  prisma,  generally 
with    bevelled    extremitiea. 
(Fig.  125.)   Frequently,  also 
their  edges  and  angles  aro. 
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replaced  by  secondary  facets.  Tbey  are  insoluble  in  alkalies,  bnt 
are  easily  dissolved  by  acids,  even  in  a  very  dilute  form.  At  first 
they  are  of  minute  size,  but  gradually  increase,  so  that  after  seven 
or  eight  days  they  may  become  visible  to  the  naked  eye. 

The  phosphate  of  soda  and  ammonia  is  formed,  in  a  similar 
manner  to  the  above,  by  the  union  of  ammonia  with  the  phosphate 
of  soda  previously  existing  in  the  urine.  Its  crystals  resemble 
very  much  those  just  described,  except  that  their  prisms  are  of  a 
quadrangular  form,  or  some  figure  derived  from  it.  They  are 
intermingled  with  the  preceding  in  the  putrefying  urine,  and  are 
affected  in  a  similar  way  by  chemical  reagents. 

As  the  putrefaction  of  the  urine  continues,  the  carbonate  of  am- 
monia which  is  produced,  after  saturating  all  the  other  ingredients 
with  which  it  is  capable  of  entering  into  combination,  begins  to 
be  given  ofif  in  a  free  form.  The  urine  then  acquires  a  strong 
ammoniacal  odor ;  and  a  piece  of  moistened  test  paper,  held  a  little 
above  its  surface,  will  have  its  color  immediately  turned  by  the 
alkaline  gas  escaping  from  the  fluid.  This  is  the  source  of  the 
ammoniacal  vapor  which  is  so  freely  given  off  from  stables  and  from 
dang  heaps,  or  wherever  urine  is  allowed  to  remain  and  decompose. 
This  process  continues  until  all  the  urea  has  been  destroyed,  and 
until  the  products  of  its  decomposition  have  either  united  with 
other  substances,  or  have  finally  escaped  in  a  gaseous  form. 

Renovation  op  the  Body  by  the  Nutritive  Process. — We 
can  now  estimate,  from  the  foregoing  details,  the  entire  quantity  of 
material  assimilated  and  decomposed  by  the  living  body.    For  we 
bave  already  seen  how  much  food  is  taken  into  the  alimentary  canal 
aotd  absorbed  by  the  blood  after  digestion,  and  bow  much  oxygen 
is  appropriated  from  the  atmosphere  in  the  process  of  respiration. 
"We  have  also  learned  the  amount  of  carbonic  acid  evolved  with  the 
breath,  and  that  of  the  various  excretory  substances  discharged  from 
the  body.    The  following  table  shows,  in  an  approximative  man- 
ner, the  quantity  of  these  different  ingredients  of  the  ingesta  and 
egesta,  as  compiled  from  the  results  of  experiment  already  given 
ID  the  foregoing  pages. 
U 
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Abbokbkp  ouKmo  24  bocks. 

DiscHABOEP  Bvaiiia 

24  BOUBB.    ^ 

Oxygen     .        .         .     1.470  lbs. 

Carbonic  aoid     , 

i.axoiW 

W»t«r       -         .         .     4.636  " 

Aqueous  rapor 

.     1.165  '• 

AlbuminouB  matter  .      .306  '< 

Perspiration 

1.930  •• 

SUroh      .                .      .660  " 

Water  of  the  urine 

.     2.0iO  " 

P«t 220  »• 

Uro*  and  aalra  . 

.187  » 

SalU         .         .         .      .040  •« 

FeoM 

.868  •« 

7.280 


7.230 


Rather  more  than  seveo  pounds,  therefore,  are  absorbed  and  dia 
charged  daily  by  the  healthy  adult  human  subject;  and,  for  a  man 
having  the  average  weight  of  140  pounds,  a  quantity  of  material, 
equal  to  the  weight  of  the  entire  body,  thus  passes  through  the 
system  in  the  course  of  twenty  days. 

It  is  evident,  also,  that  this  is  not  a  simple  phenomenon  of  tbo 
passage,  or  filtration,  of   foreign  substances  through  the  aninial 
frame.     The  materials  which  are  absorbed  actually  combine  with 
the  tissues,  and  form  a  part  of  their  substance;  and  it  is  only  after 
undergoing  subsequent  decomposition,  that  they  finally  make  their 
appearance  in  the  excretions.     None  of  the  solid  ingredients  of  the 
food  are  discharged   under  their  own  form  in  the  urine,  viz.,  a» 
starch,  fat,  or  albumen ;  but  they  are  replaced  by  urea  and  other 
crystallizable  substances,  of  a  different  nature.     Even  the  carbonic 
acid  exhaled  by  the  breath,  as  experience  has  taught  us,  is  wl 
produced  by  a  direct  oxidation  of  carbon ;  but  originates  by  a  pro- 
cess  of  decomposition,  throughout  the  tissues  of  the  body,  somewlm 
similar  to  that  by  which  it  is  generated  in  the  decompodtion  of 
sugar  by  fermentation.    These  phenomena,  therefore,  indicate  M 
actual  change  in  the  substance  of  which  the  body  is  composed,  tsi 
show  that  its  entire  ingredients  are  incessantly  renewed  under  the 
inAuence  of  the  vital  operations. 
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NERVOUS   SYSTEM. 


CHAPTER    I. 


OKNEBAL    STRUCTURE   AND   FUNCTIONS   OP  THK 
NERVOUS   SYSTEM. 

-  In  entering  upon  the  study  of  the  nervous  system,  we  commence 
Uie  esumination  of  an  entirely  different  order  of  phenomena  from 
thoee  which  have  thus  far  engaged  our  attention.  Hitherto  we 
have  studied  the  physical  and  chemical  actions  taking  place  in  the 
body  and  constituting  together  the  process  of  nutrition.  We  have 
seen  how  the  lungs  absorb  and  exhale  di£ferent  gases;  how  the 
BtomBch  dissolves  the  food  introduced  into  it,  and  how  the  tissues 
prodace  and  destroy  different  substances  by  virtue  of  the  varied 
transformations  which  take  place  in  their  interior.  In  all  these 
instances,  we  have  found  each  organ  and  each  tissue  possessing 
certain  properties  and  performing  certain  functions,  of  a  physical 
or  chemical  nature,  which  belong  exclusively  to  it^  and  are  chaiac* 
teristio  of  its  action. 

The  functions  of  the  nervous  system,  however,  are  neither  phy- 
sical nor  chemical  in  their  nature.  They  do  not  correspond,  in 
their  mode  of  operation,  with  any  known  phenomena  belonging  to 
these  two  orders.  The  nervous  system,  on  the  contrary,  acts  only 
upon  other  organs,  in  some  unexplained  manner,  so  as  to  excite  or 
modify  the  functions  peculiar  to  them.  It  is  not  therefore  an  appa* 
ntU8  which  acts  for  itself,  but  is  intended  entirely  for  the  purpose 
of  influencing,  in  an  indirect  manner,  the  action  of  other  organs. 
Its  object  is  to  connect  and  associate  the  functions  of  different 
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parts  of  the  body,  and  to  cause  them  to  act  in  harmony  with  eaci 
other. 

This  object  may  be  more  fully  exemplified  as  follows: — 
Each  organ  and  tissue  in  the*body  has  certain  properties  peculinr 
to  it,  which  may  be  called  into  activity  by  the  operation  of  a  $tiniti- 
lus  or  excittug  cause.     This  capacity,  which  all  the  organs  poasea^ 
of  reacting  under  the  influence  of  a  stimulus,  is  called  their  excita- 
bility, or  irn'tabilil}/.    We  have  often  had  occasion  to  notice  this  pro- 
perty of  irritability,  in  experiments  related  in  the  foregoing  pages. 
We  have  seen,  for  example,  that  if  the  heart  of  a  frog,  after  being 
removed  from  the  body,  be  touched  with  the  point  of  a  needle,  it 
immediately  contracts,  and  repeats  the  movement  of  an  ordinary 
pulsation.     If  the  leg  of  a  frog  be  separated  from  the  thigh,  its 
integument  removed,  and  the  poles  of  a  galvanic  batter}'  brought 
in  contact  with  the  exposed  surface  of  the  muscles,  a  violent  coo- 
traction  takes  place  every  time  the  electric  circuit  is  completed. 
In  this  instance,  the  stimulus  to  the  muscles  is  supplied  by  the 
electric  discharge,  as,  in  the  case  of  the  heart  above  mentioned,  it  is 
supplied  by  the  contact  of  the  steel  needle;  and  in  both,  a  muscQ* 
lar  contraction  is  the  immediate  consequence.     If  we  introduce  a 
metallic  catheter  into  the  empty  stomach  of  a  dog  through  a  gastric 
fistula,  and  gently  irritate  with  it  the  mucous  membrane,  a  secretion 
of  gastric  juice  at  once  begins  to  take  place;  and  if  food  be  intro- 
duced the  fluid  is  poureti  out  in  still  greater  abundance.    We  know 
also  that  if  the  integument  be  exposed  to  contact  with  a  heated 
body,  or  to  friction  with  an  irritating  liquid,  an  excitement  of  the 
circulation  is  at  once  produced,  which  again  passes  away  after  the 
removal  of  the  irritating  cause. 

In  all  these  instances  we  find  that  the  organ  which  is  called  into 
activity  is  excited  by  the  direct  application  of  some  stimulus  to  its 
own  tissues.     But  this  is  not  usually  the  manner  in  which  the  dif- 
ferent functions  are  excited  during  life.     The  stimulus  which  calls  — 
into  action  the  organs  of  the  living  body  is  usually  not  direct,  bnti 
indirect  in  its  operation.     Very  often,  two  organs  which  are  situ- 
ated in  distant  parts  of  the  body  are  connected  with  each  other  bv 
such  a  sympathy,  that  the  activity  of  one  is  influenced  by  the 
condition  of  the  other.     The  muscles,  for  example,  are  almost  nev< 
called  into  action  by  an  external  stimulus  operating  directly  u 
their  own  fibres,  but  by  one  which  is  applied  to  some  other  organ, 
either  adjacent  or  remote.     Thus  the  peristaltic  action  of  the  mus- 
cular coat  of  the  intestine  commences  when  the  food  is  brought  in 
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"contact  with  its  mucous  membrane.  The  lachrymal  gland  is  excited 
to  increased  activity  by  anything  which  causes  irritation  of  the 
conjunctiva.  In  all  such  instances,  the  physiological  connection 
between  two  different  organs  is  established  through  the  medium  of 
the  nervous  system. 

The  function  of  the  nervous  system  may  therefore  be  deBned,  in 
the  simplest  terms,  as  follows:  It  is  intended  to  associate  tfie  different 
jjarts  of  the  body  in  such  a  manner,  that  stimulus  applied  to  one  organ 
may  excite  the  activity  of  another. 

The  instances  of  this  mode  of  action  are  exceedingly  numerous. 
Thus,  the  light  which  falls  upon  the  retina  produces  a  contraction 
of  the  pupil.  The  presence  of  food  in  the  stomach  causes  the  gall- 
bladder to  discharge  its  contents  into  the  duodenum.  The  expul- 
sive efforts  of  coughing,  by  the  thoracic  and  abdominal  muscles, 
are  excited  by  a  foreign  body  entangled  in  the  glottis. 

It  is  easy  to  understand  the  great  importance  of  this  function, 
particularly  in  the  higher  animals  and  in  man^  whose  organiza- 
tion is  a  complicated  one.  For  the  different  organs  of  the  body, 
in  order  to  preserve  the  integrity  of  the  whole  frame,  must  not 
only  act  and  perform  their  functions,  but  they  must  act  in  har- 
mony with  each  other,  and  at  the  right  time,  and  in  the  right 
direction.  The  functions  of  circulation,  of  respiration,  and  of 
digestion,  are  so  mutually  dependent,  that  if  their  actions  do  not 
take  place  harmoniously,  and  in  proper  order,  a  serious  disturb- 
ance must  inevitably  follow.  When  the  muscular  system  is  ex- 
cited by  unusual  exertion,  the  circulation  is  also  quickened.  The 
blood  arrives  more  rapidly  at  the  heart,  and  is  sent  in  greater 
quantity  to  the  lungs.  If  the  movements  of  respiration  were  not 
accelerated  at  the  same  time,  through  the  connections  of  the  nerv- 
ous system,  there  would  immediately  follow  deficieucy  of  aeration, 
vascular  congestion,  and  derangement  of  the  circulation.  If  the 
iris  were  not  stimulated  to  contract  by  the  influence  of  the  light 
falling  on  the  retina,  the  delicate  expansion  of  the  optic  nerve 
would  be  dazzled  by  any  unusual  brilliancy,  and  vision  would  be 
obscured  or  confused.  In  all  the  higher  animals,  therefore,  where 
tbe  different  functions  of  the  body  are  performed  by  distinct  organs, 
situated  in  different  parts  of  the  frame,  it  is  necessary  that  their 
action  should  be  thus  regulated  and  harmonized  by  the  operation 
of  the  nervous  system. 
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The  nervous  system  consists  of  two  kinds  of  nervoas  tis&ue,  dif- 
fering from  each  other  in  appearance,  structure,  aud  pbysiologioti 
endowments.  One  of  these  is  the  white  substance,  oonapoeed  of 
nerrous  filaments;  the  other  is  the  gray  substance,  which  ooDtains 
granular  matter  aud  ganglionic  cells.  The  white  sabstance  is 
found  in  all  the  trunks  and  branches  of  the  nerves,  on  the  extehur 
of  the  spinal  cord  and  in  the  internal  parts  of  the  brain.  The  gray 
substance,  on  the  other  hand,  forms  the  external  layer  or  conrolu- 
tions  of  the  brain,  as  well  as  various  deposits  about  its  base  aod 
central  parts,  the  interior  of  the  spinal  cord,  and  a  large  number 
of  small  detached  masses,  called  the  sympathetic  ganglia,  in  dif- 
ferent parts  of  the  body.  The  filaments  and  cells  constituting 
these  two  kinds  of  nervous  tissue  are  so  dififerent  in  their  pn^ 
erties  and  function  as  to  require  for  each  a  separate  description. 

Nervous  Jilfimenls  of  tin  white  substance.  —  The  white  substaooe 
of  the  nervous  system,  when  examined  by  the  micro800f>e,  is  seen 
to  be  composed  everywhere  of  minute  fibres  or  filaments,  the  "ul- 
timate nervous  filaments,"  running  in  a  direction  very  nearly  par- 
allel with  each  other.  These  filaments  are  cylindrical  in  shape, 
and  vary  considerably  in  size.  Those  which  are  met  with  in  the 
spinal  cord  and  the  brain  are  the  smallest,  and  have  an  average 
diameter  of  toojib  of  an  inch.  In  the  trunks  and  branches  of  the 
nerves  they  average  j^'od  of  an  inch. 

The  structure  of  the  ultimate  nervous  filament  is  as  follows :  The 
*"'«•  ^26.  exterior  of  each  filament  con- 

sists of  a  colorless,  transparent 
tubular  membrane,  which  is 
seen  with  somedifBculty  in  the 
natural  condition  of  the  fibres 
owing  to  the  extreme  delicacy 
of  its  texture,  and  to  its  cavity 
being  completely  filled  with  a 
substance  very  similar  to  it  in 
refractive  power.  It  may,  how- 
ever, be  distinguished  'where 
the  outlines  of  the  nervous 
filament  are  strongly  curved 
^      ,  ,,  .      or  indented,  asatc  in  Fi  If.  126. 

th«  Itmi  Mtninllr  or  ■  narToua  fllammt  wtUi  the  aiU    lu  the  intcnor  of  thlS  tl'h;il:ir 

i,  ...Mir  «p.r.t«i  by  »cda-..,ui  cumyr—ion,  hui  th,  HiemDrane  mere  is  a  layer  ui 
•111  cjiiiiirr  iwMM  «cr<«-  tii^  rnptoiwj  porKon.  Th*  thick,  fiuid,  highly  ref^activo 

onllliiv  uf  th«  l>if<uliir  iiicnil-rrina  Ub1(0  MCD  at  c  on  tb*  ,  .  .    ,      ,  ii     j     i 

Muiit»urih«D«rv<>iiaaunh-iii.  substance  WQich  is  called  the 
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medullary  layer."  It  is  this  medullary  layer  which  causes  the 
opaque  white  color  of  the  nervous  tissue.  Owing  to  its  highly  re- 
fractive power,  it  appears,  in  a  microscopic  view,  aa  a  strongly 
marked  double  outline  on  each  border  of  the  nervous  filanieat. 
Finally,  there  is,  inclosed  in  the  medullary  layer,  and  forming  the 
central  part  of  the  filament,  a  delicate  cylindrical  or  flattened  cord, 
of  a  finely  granulated  appearance,  known  as  the  "axis  cylinder." 
When  white  nervous  tissue,  from  the  brain  or  spinal  cord,  is 
prepared  for  the  microscope  and  exaniiued  by  transmitted  light, 
two  remarkable  appearances  are  observed  in  its  filaments,  pro* 
duced  by  the  contact  of  foreign  substances.  In  the  first  place  the 
unequal  pressure,  to  which  the  filaments  are  accidentally  subjected 
in  the  process  of  dissection  and  preparation,  produces  an  irregu- 
larly bul}?in^  or  varicose  ap-  „.  ,„_ 
J          o     o                              f                                   Pig  227. 
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pearance  in  them  at  various 
points,  owing  to  the  readiness 
with  which  the  fluid  substance 
in  their  interior  is  displaced 
in  different  directions.  (Fig. 
127.)  Sometimes  spots  may 
be  seen  here  and  there,  where 
the  nervous  matter  has  been 
entirely  pressed  apart  in  the 
centre  of  a  filament,  so  that 
there  appears  to  be  an  entire 
break  in  its  continuity,  while 
the  external  layers  may  be 
still  seen,  passing  across  from 
one  portion  to  the 
When  a  nervous  filament  is 
torn  across  under  the  microscope  and  subjected  to  pressure,  a  cer- 
tain quantity  of  the  fluid  substance  is  pressed  out  from  its  torn  ex- 
tremity, and  may  be  entirely  separated  from  it,  so  as  to  present  it- 
self under  the  form  of  irregularly  rounded  drops  of  various  sizes 
(a,  a,  a),  scattered  over  the  field  of  the  microscope.  The  vari- 
ooaa  appearance  above  alluded  to  is  more  frequently  seen  in  the 
smaller  nervous  filaments  from  the  brain  and  spinal  cord,  owing  to 
their  soft  consistency  and  the  readiness  witli  which  they  yield  to 
pressure. 

The  second  effect  produced  by  the  artificial  preparation  of  the 
nervous  matter  is  an  alteration  or  partial  coagulation  of  the  fluid 


KiKTOV*  yilAMiHT*  (Wini  whlt«  nbatftnc*  of 
iV  bnUu. —  a,  a,  a.  P-ift  Bul«l«nc«  of  Uie  fllmneiitji  preaavd 

*    out,  anil  flokling  In  Irrvgularljr  rvamlsi]  ilropa. 
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substance  of  tbe  medullury  luyer.  In  iis  natural  cooditioo  this 
substance  has  tbe  same  consistency  tbrougbout,  and  ajipears  per- 
fectly  transparent  and  homogeneous  by  transmitted  ligbt.  As  soon, 
however,  as  the  nervous  filament  is  removed  from  its  natural  rit- 
ualion,  anil  brouglit  in  contact  with  air,  water,  or  other  uunaiaral 
fluids,  the  sofl  substance  imnnediutely  under  the  investing  ment' 
brane  begins  to  coagulate.  It  increases  in  consistency,  und  at  tbe 
same  time  becomes  more  highly  refractive;  so  that  it  proaentsoa 
each  side,  immediately  underneath  the  investing  membrane,  a  thin 
layer  of  a  peculiar  glistening  aspect.  At  first,  this  change  takei 
place  only  in  the  outer  portions  of  the  medullary  layer.  Tbe 
coagulating  process,  however,  subsequently  goes  on,  and  gnda- 
ally  advances  from  the  edges  of  the  filament  toward  its  cenlfe. 
until  its  entire  thickness  after  a  time  presents  the  same  appear- 
ance. Tbe  cflcct  of  this  process  can  also  be  seen  in  those  portions 
of  the  white  substance  which  have  been  pressed  out  from  tbeis-^' 
terior  of  the  filaments,  and  which  float  about  in  the  form  of 
drops.  These  drops  are  always  covered  with  a  layer  of  coagoUted 
material  which  is  thicker  and  more  opaque  in  proportion  to  the 
length  of  time  which  has  elapsed  since  the  commencement  of 
the  alteration. 

The  nervous  filaments  have  essentially  the  same  structure  in  tbe 
brain  and  spinal  cord  as  in  the  nervous  trunks  and  branches;  onlf 
they  are  of  much  smaller  size  in  tiie  former  than  in  the  lar'---  -" 
nation.  In  the  nervous  trunks  and  branches,  however,  oui 
cranial  and  spinal  cavities,  there  exists,  superadded  to  the  nervoos 
fllamenU  and  interwoven  with  them,  a  large  amount  of  condensed 
areolar  or  fibrous  tissue,  which  protects  them  from  injury,  and 
gives  to  this  portion  of  the  nervous  system  a  peculiar  density  and 
resistance.  This  diir«;rcncc  in  consistency  between  the  white  matter 
of  the  nerves  and  that  of  the  brain  and  spinal  cord  is  owing,  tbeTe> 
fore,  exclusively  to  the  presence  of  ordinary  fibrous  tissue  in  the 
nerves,  while  it  is  wanting  in  the  brain  and  spinal  cord.  TboooD' 
sistency  of  the  nervous  filaments  themselves  is  the  same  ia  each 
situation. 

A  Xerve,  accordingly,  consists  of  a  bundle  or  collection  of  ulli- 
mate  nervous  filaments,  associated  with  each  other  in  larger  or 
smaller  packets,  and  bound  together  by  the  investing  layers  of 
fibrous  tissue  which  form  its  sheath,  or  "  neurilemma,"  The 
neurilemma  sends  prolongations  of  fibrous  tissue  into  the  interior 
of  the  nerve,  dividing  its  filaments  into  secondary  and  tcrtiarj 
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8,  and  containing  the  small  bloodvessels  destined  for  the 
ion  of  the  nerve.  When  a  nerve,  therefore,  divides  during 
Irse  into  several  branches,  this  does  not  imply  that  the  fila- 
Wiemselves  become  branched  or  divided  at  this  point,  but  only 
ime  of  them  leave  the  bundles  with  which  they  were  prcvi- 
jociated,  and  pursue  a  different  direction.  (Fig.  128.)  A 


Fijr,  129. 


In»KaUlian  of  N  >  k  T  c  ». 


•  Near  I,  (howing    portion  of 
k  (a),  Mid  tb«  ■optration  of  Ita 

hich  originates,  for  example,  from  the  spinal  cord  in  the 
i  of  the  neck,  and  runs  down  the  upper  extremity,  dividing 
ibdividing,  to  be  finally  distributed  to  the  integument  and 
18  of  the  hand,  contains  at  its  point  of  origin  all  the  filaments 
jhich  it  is  afterward  divided,  and  which  arc  merely  separated 
sessive  points  from  the  main  bundle.  The  ultimate  filaments 
fives  divide,  and  even  form  sometimes  minute  plexuses, 
ihey  have  finally  arrived  at  their  destination  and  are  about 
ftinate  in  the  sensitive  or  muscular  parts;  but  during  the 
previous  transit  of  the  nerve,  between  its  origin  and  its 
tion,  they  remain  distinct  and  anatomicxiiUy  independent  of 
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each  other,  each  filament  by  itself  remaioing  continuous  thiooglt* 
out. 

When  a  nerve,  furthermore,  is  said  to  "inosculate  "  with  another 
nerve,  as  when  the  infraorbital  inosculates  with  the  facial,  or  ibe 
cervical  nerves  inosculate  with  each  other,  this  meaiis  simply  liuit 
some  of  the  filaments  composing  the  first  nervous  bundle  separate 
from  it,  and  cross  over  to  form  a  part  of  the  second,  while  aome  of 
tliose  belonging  to  the  second  cross  over  and  join  the  first  (Fig. 
129);  but  the  individual  filaments  in  each  instance  remain  contin- 
uous and  preserve  their  identity  throughout.  Accordingly  the 
nervous  filaments  in  difiierent  nerves,  or  in  the  adjacent  parts  of 
inosculating  nerves,  still  remain  separate  and  distinct  from  each 
other;  and,  however  they  may  be  associated  in  the  nervous  trunks 
and  branches,  they  may  still  act  independently  and  preserve  their 
specific  characters  and  functions  in  every  part  of  their  course. 

Origin  and  termination,  of  ike  nervous  jilamerUs. — The  nerrotts 
filaments  originate  in  the  gray  substance  of  the  nervous  centres 
and  terminate  in  the  muscular  tissues  and  sensitive  membranes  sf 
the  periphery.    Both  at  their  origin  and  termination^  they  present 
certain  modifications  in  their  appearance  and  structure  whi< 
serve  a  special  notice.    The  most  important  of  these  modifit 
are  a  diminution  in  size  and  a  disappearanoe  of  their  exi 
parts.     Thus  in  the  gray  matter  of  the  brain  and  spinal  cordt : 
of  them  are  very  much  smaller  than  elsewhere,  and  are  alagij 
titute  both  of  the  external  tubular  envelope  and  of  the 
lary   layer;   being   reduced   simply  to  the  central  cord   or 
cylinder.    The  naked  axis  cylinder,  to  which  the  nerve  fihunei 
is  thus  reduced,  becomes  continuous  in  many  instances,  as  \r» 
hereafter  see,  with  the  ganglionic  cells  of  the  gray  matter,  the 
stance  of  which  resembles  its  own  in  appearance  and  consistency. 
This  fact  has  led  muny  anatomists  to  regard  the  axis  cy]ind«r  as 
the  roost  essential  constituent  part  of  the  nervous  filament^  ainoa 
it  continues   throughout  its  entire  length;   while  the  medullary 
layer  and  the  tubular  envelope,  though  superadded   during   the 
greater  part  of  its  extent,  nevertheless  cease  to  exist  at  a  short 
distance  both  from  its  origin  and  its  termination. 

It  is  now  fully  established  that  the  nervous  filaments  terminate 
at  the  periphery  by  free  extremities.  Just  previous  to  the  final 
distribution  of  the  nerves,  both  in  the  skin  and  in  the  muscles, 
peculiarities  are  to  bo  seen  in  their  anatomical  arrangement,  Fii 
the  small  nervous   brancbea  divide  and  subdivide  with  oqi 
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rapidity ;  and  their  subdivisions,  uniting  with  each  other  by  inos- 
culation, form  abundant  and  closely  set  plexuses,  while  from  these 
plexuses  the  nervous  filaments  are  given  off  which  immediately, 
or  soon  after,  terminate  in  the  substance  of  the  tissues.  Secondly, 
both  in  these  plexuses  and  in  the  ramifications  given  off  from  them, 
the  nervous  filaments  themselves  undergo  division ;  so  that  a  single 
nervoua  filament,  in  this  situation,  may  give  rise  to  a  number  of 
different  branches,  each  branch  retaining  all  the  anatomical  char- 
acters of  the  original  filament.  A  nervous  filament  may  therefore 
run  undivided  throughout  the  long  distance  from  the  brain  or 
spinal  cord  until  its  arrival  at  the  skin  or  the  muscles,  and  then, 
immediately  before  its  final  distribution,  break  up  into  a  number 
of  separate  but  closely  adjacent  branches. 

The  ultimate  termination  of  the  nervous  filaments  in  the  skin 
has  been  most  distinctly  seen  in  the  so-called  "  Pacinian  bodies" 
«nd  the  "  tactile  corpuscles."  The  Pacinian  bodies  are  minute 
ovoid-shaped  masses  found  in  the  subcutaneous  cellular  tissue  of 
the  hands  and  feet,  and  various  other  parts  of  the  body,  consisting 
of  a  series  of  concentric  laminse  of  "fibrous  tissue,  with  a  central 
cavity,  enclosing  a  transparent,  colorless,  fluid  or  semifluid  material. 
A  single  ultimate  nervous  filament  penetrates  the  Pacinian  body  at 
one  extremity  and  passes  into  its  central  cavity.  At  the  |)oint  of 
entrance  the  external  tubular  envelope  leaves  the  nervous  filament 
and  becomes  continuous  with  the  fibrous  laminie  of  the  Pacinian 
body.  The  medullary  layer  also  disappears,  and  the  nervous  fila- 
ment, thus  reduced  to  its  axis  cylinder,  runs  longitudinally  through 
the  greater  part  of  the  central  cavity  and  terminates,  toward  its 
farther  end,  in  either  oueorseveral  slightly  rounded  extremities.  The 
"tactile  corpuscles"  are  much  smaller  than  the  Pacinian  bodies, 
but  are  of  similar  form.  They  are  situated  in  the  substance  of  the 
sensitive  papiiko  of  the  skin  and  elsewhere.  They  consist  each 
of  an  ovoid  mass,  marked  externally  with  transverse  elongated 
nacloi  and  striations.  Each  corpuscle  has  attached  to  its  surface 
sometimes  two,  but  frequently  only  a  single  nervous  filament,  which 
loses  its  external  envelopes,  as  in  the  Pacinian  body,  and  termi- 
nates in  some  way,  not  yet  fully  determined,  in  the  substance  of 
the  corpuscle. 

The  simplest  form  of  tactile  corpuscle  is  supposed  to  be  that 
known  under  the  name  of  the  "  terminal  corpuscles  of  the  sensitive 
nerves,"  found  in  the  conjunctiva,  the  lips,  the  tongue,  and  the  soft 
palate.     They  are  round  or  elongated  ovoid  bodies,  consisting  of 
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a  closed  sao  of  connective  tissue,  sometimes  marked  with  abundant 
transverse  nuclei,  and  containing  a  homogeneous  or  finely  grun- 
ular  substance.     Into  this  body  is  received  the  ultimate  branch  of 

Fig.  131. 
Fig.  180. 
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a  nervous  filament,  which  is  reduced  to  its  axis-cylinder,  and  in 
many  cases  may  be  seen  to  terminate  in  the  interior  by  a  stogte 
free  extremity. 

In  the  muscles,  as  a  rule,  each  muscular  fibre  has,  connected  with 
it,  at  least  one  nervous  filament,  and  sometimes  more  than  one. 
The  ultimate  filament,  produced  by  the  branching  and  subdivision 
of  the  original  filament,  approaches  the  muscular  fibre,  usually  at 
right  angles,  and  penetrates  its  exterior,  —  the  tubular  membrane 
of  the  filament  becoming  continuous  with  the  sarcolemma.     At 
the  same  time  its  medullary  layer  ceases  abruptly,  and  the  axi»- 
cylinder  spreads  out  into  a  thin  oval  expansion  of  granular  matteq| 
interspersed  with  nuclei,  called  the  "terminal  plate,"  and  lying  in 
immediate  contact  with  the  contractile  substance  of  the  mascaU^ 
fibre.     Some  variations  have  been  described  in  the  form  and  di^| 
position  of  the  axis-cylinder  in  the  terminal  plate,  in  some  of  the 


inferior  classes ;  but  the  above  represents  the  essential  character 
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Fig.  182. 
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e  nervous  termmation  in 
(brate  aniuials. 

hysiohgical  properties  of  the  nervous  fila- 
8,  —  The  nervous  filaments  are  organs  of 
nuaicatioD.  They  serve  as  connecting 
s  between  the  nervous  centres  on  the  one 
[,  and  the  sensitive  and  muscular  tissues 
he  other.     In  order  to  accomplish  this> 

are  endowed  with  a  peculiar  power  of 
ibility,  by  which,  when  called  into  action 
iither  extremity,  they  become  excited 
aghout  their  entire  length,  and  produce  a 
ssponding  effect  at  their  opposite  termi- 
)n.  Thus,  those  which  are  distributed  to  the  skin,  when  ex- 
i  at  their  peripheral  extremities,  produce  at  their  point  of 
in  in  the  brain  a  sensation  corresponding  to  the  external  im- 
sion.  Oq  the  other  hand,  those  which  are  distributed  to  the 
ules,  when  excited  at  their  origin  by  the  impulse  of  the  will, 
luce  immediately  a  contraction  in  the  muscular  fibres  at  the 
phery.  This  state  of  physiological  action  produces  no  visible 
ige  in  the  nervous  filament  itself.  Its  effects  are  manifest  only 
36  extremities  of  the  nerve,  in  the  organs  in  which  it  has  its 
liuation.  Nevertheless,  it  is  evident  that  the  nervous  filament 
ea  to  communicate  in  some- way  an  action  from  one  of  its  extrem- 

to  the  other ;  since,  if  it  be  divided  in  any  part  of  its  course, 
Bommunication  at  once  ceases,  and  sensations  can  no  longer 
lerceived  in  the  skin,  nor  any  voluntary  contraction  excited  in 
muscles. 

he  nervous  filaments  however,  like  the  elements  of  other  tissues, 
;  the  power  of  reuniting  after  they  have  been  divided  by  section, 
may  recover  in  this  way  the  functions  which  had  been  tempo- 
ly  lost.     When  a  nerve  which  is  distributed  both  to  the  skin 

muscles  is  divided  in  the  middle  of  its  course,  the  reunion  of 
[laments  is  indicated,  after  a  time,  by  the  reappearance  of  sen- 
m  and  voluntary  motion  in  the  parts  below.  Even  when  a 
ion  of  the  nerve-trunk  has  been  cut  out,  the  lost  fibres  may  be 
merated  and  the  functions  of  the  nerve  restored.  In  dogs,  cats, 
rata,  according  to  the  observations  of  Vulpian  and  others, — 
icially  when  the  experiment  is  performed  upon  young  animals, — 
nerve  may  be  regenerated  and  its  function  restored  when  even 

le  more  than  two  inches  of  its  length  have  been  removed. 
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Vulpian '  found  the  sciatic  nerve  regenerated,  in  very  young  rata; 
after  the  excision  of  two  inches  and  one-third,  in  seventeen  days; 
and  in  young  cats,  after  excision  of  one  inch  of  the  lingual  aerve, 
sensibility  has  been  found  to  reappear  in  the  tongue  in  the  course 
of  fourteen  days.  lu  man  and  in  aduJt  animuU  a  longer  tiinii  is 
required  for  the  union  or  regeneration  of  a  divided  nerve,  and  the 
restoration  of  its  filnctions  is  sometimes  completed  only  after  the 
lapse  of  several  weeks  or  even  mouths. 

Gray  substance  of  t]tt  nervous  tissue, — The  second   rariety  of 
nervous  tissue  is  known  as  the  "  gray  substance."     As  its  iiiuna 
indicates,  it  is  of  a  grayish  or  ashen  hue,  by  which  it  is  readily  dis- 
tinguished from  its  contrast  with  the  dead  white  color  of  the 
fibrous  matter.     It  consists  of  a  granular  intercellular  material 
with  nuclei  and  pigment  grains,  and  containing,  imbedded  in  its 
substance,  beside    an  abundance   of    slender   nervous   filomeniB, 
numerous  ganglionic  cells,  of  great  variety  in  form  and  size^  termed 
the   "nerve   cells.'*     As  these   cells   are  the   most   characterisde 
elements   recognizable    by    the  microscope  in   the  gray  DervoQi 
tissue,  its  peculiar  properties  are  regarded  as  principally  depesdeiEt 
upon  them.    Their  average  size  varies  in  different   parts  from 
tAo  to  350  of  fill  'fi^^  *Q  diameter.     They  usually  have  a  wry 
distinct  oval  nucleus  and  a  nucleolus,  while  the  substance  of  il 
oell  is  composed  of  a  finely  granular  material,  of  soft  condsteacr; 
They  are  sometimes  of  an  ovoid  or  generally  rounded  form,  as  io 
the  ganglia  of  the  sympathetic  nerve,  with  a  long  process  or  ex 
tension  of  the  substance  of  the  oell  frequently  running  out  in  th« 
form  of  a  filament,  resembling  the  axis-cylinder  of  a  nerve-fibre. 
In  the  ganglia  of  the  posterior  roots  of  the  spinal  nerves  tbey  vn 
usually  also  rounded  or  oval  in  form;   often  with  two  similar 
cesses,  extending  from  the  coll  in  two  opposite  directions, 
above  two  varieties  have  received  the  names  respcotivelv  of  "  uni 
polar  "  and  "  bi-polar  "  cells.     In  the  gray  matter  at  the  base  of  the 
brain,  and  in  the  interior  of  the  spinal  cord,  are  to  be  found  the  most 
remarkable  of  the  nerve  cells,  both  for  form  and  size,  (Fig.  188.) 
The  largest  of  them  measure,  according  to  Kblliker,  ^Jj  of  an  inch 
in  diameter.    They  present  frequently  three  or  fsur,  and  eron  five 
or  six,  processes  or  prolongations  running  in  various  directional 
and   are   therefore   called   "multipolar"^  cells.      Most  of  these 
fibre-like   prolongations,  as  they  recede  from  the  border  of  the 
cell,  become  branched  aad  subdivided,  and  are  thus  finally  reduced 

1  L«|;oni  T  wy»I^It)e  nerrcux.  P»ria,  1866,  p.  256, 
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Fig.  188. 


to  filarnents  of  such  minute  size  that  they  can  no  longer  be  fol- 
lowed by  the  microscope. 
One  of  the  prolongations, 
however,  instead  of  break- 
ing up  into  branches,  pur- 
sues an  undivided  course, 
and  becomes  continuous 
with  the  axis-cylinder  of 
a  nervous  filament.  In 
this  way  the  nervous  fila- 
ments may  be  said,  in 
many  instances  at  least,  to 
have  their  origin  and  ter- 
mination in  the  ganglionic 
cells  of  the  gray  sub- 
stance. 

Physiological  properties 
of  the  gray  substance.  ^ 
Every  collection  of  gray 
nervous  substance,  what- 
ever may  be  its  form  or 
size,  is  called  a  "nervous 
centre,"  or  a  "  ganglion."  Its  function  is  to  receive  impressions 
conveyed  to  it  by  the  nervous  filaments,  and  to  send  out  by  thera 
impulses,  which  are  to  be  transmitted  to  distant  organs.  The  ner- 
vous centres,  accordingly,  originate  nervous  power,  so  to  speak, 
while  the  filaments  and  nerves  only  transmit  it.  The  mode  in 
which  this  function  of  the  nervous  centres  is  performed  ia  still 
more  unknown  to  us  than  that  of  the  filaments  and  the  nerves. 
The  aetion  which  takes  place  in  them,duriDg  the  period  of  their 
excitement,  is  not  accompanied  by  any  visible  changes,  and 
can  only  be  explained  as  the  operation  of  a  peculiar  power  de- 
pendent on  their  physiological  constitution.  It  is  evident  that 
they  are  essential  to  the  general  action  of  the  nervous  system,  for 
neither  sensation  nor  movementis  ever  excited,  in  the  natural  con- 
dition, by  aid  of  the  nervous  filaments,  unless  these  are  in  commu- 
nication with  the  gray  matter  of  the  nervous  centres. 

We  have  already  seen  that  the  function  of  the  nervous  system, 
as  a  whole,  is  to  associate  the  different  parts  of  the  body  in  such 
a  manner  that  a  stimulus  applied  to  one  organ  may  excite  the 
activity  of  another.    Now  this  communication  between  the  two 
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organs  is  not  direct,  but  circuitous.  It  passes,  in  all  cases,  tbroogli 
an  intermediate  nervous  centre,  wbicli  receives  the  impression 
conveyed  to  it  by  tlie  nervous  filaments  from  one  organ,  and  imID^ 
diately  reacts  by  sending  out  a  stimulus  which  calls  into  aclivitr 
the  other.  This  is  called  the  "  reflex  action "  of  the  nervous 
system,  — because  the  stimulus  is  first  sent  inward  to  the  nervoM 
centre  and  then  returned  or  reflected  in  the  opposite  direction.  In 
this  process,  the  intermediate  act  between  the  inward  and  outward 
passage  of  the  nervous  stimulus  is  always  accomplished  in  ibe 
gray  substance  of  the  nervous  centres. 

General  arrangement  aiulmode  of  opero-t ion  nf  tfte  nervous  aysUm.— 
The  general  arrangement  of  the  nervous  system  is  such  that  in  all 
cases  the  various  nervous  centres,  or  ganglia,  are  connected,  first, 
with  the  different  orgaas  by  the  bundles  of  filaments  called  nerves; 
and  secondly,  with  each  other  by  other  bundles  which  are  terraeJi 
commissures.  Thus  the  entire  system  is  made  up  of  ganglia, 
nerves,  and  commissures. 

One  of  the  simplest  forms  of  animal  life  in  which  a  nervoQil 

system  is  to  be  found  is  probably  th« 
five-rayed  starfish.     This  animal  bc- 
lotigd  to  the  type  known  as  radiata; 
that  is,  animals  whose  organs  radiate 
from  a  central  point,  so  as  to  form  a 
circular  series  of  similar  parts,  each 
organ   being    repeated   at   different 
points   of  the   circumference.    TIk 
starfish  (Fig.  134)  consists  of  a  central' 
mass,  with  five  arms  or  limbs  radi- 
ating from  it.     In  the  centre  is 
mouth,  and  immediately  beneath  fl 
the   stomach    or    digestive    cavity* 
St  ST  KM  OF  which  sends  prolongation.sintoevei 
one  of  the  projecting  limbs.    Thei 
is  also  contained  in  ench  limb  a  portion  of  the  glandular  and  mas, 
cular  systems,  and  the  whole  is  covered  by  a  sensitive  integumeni 
The  nervous  system  consists  of  five  similar  ganglia,  situated  in  tb< 
central  portion,  at  the  base  of  the  arms.     These  ganglia  are  coi 
nected  with  each  other  by  commissures,  so  as  to  form  a  nervoi 
collar  or  chain,  surrounding  the  orifice  of  the  digestive  caviti 
Each  ganglion  also  sends  off  nerves,  the  filaments  of  which 
distributed  to  the  organs  contained  in  the  corresponding  limb. 
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When  any  stimulus  or  irritation  is  applied  to  the  integument  of 
one  of-  the  arms,  it  is  transmitted  by  the  nerves  of  the  integument 
to  the  ganglion  situated  near  the  mouth.  Arrived  here,  it  is 
received  by  the  gray  matter  of  the  ganglion,  and  immediately  con- 
verted into  an  impulse  which  is  sent  out  by  other  filaments  to  the 
muscles  of  the  corresponding  limb;  and  a  muscular  contraction  and 
movement  consequently  take  place.  The  muscles  therefore  contract 
in  consequence  of  an  irritation  which  has  been  applied  to  the  skin. 
It  must  be  recollected  that  this  action  does  not  necessarily  indicate 
any  sensation  or  volition,  nor  even  any  consciousness  on  the  part  of 
the  aiiimal.  The  function  of  the  gray  matter  is  simply  to  receive 
the  impulse  conveyed  to  it,  and  to  reflect  or  send  back  another ; 
and  this  may  be  accomplished  altogether  involuntarily,  and  without 
the  existence  of  any  conscious  perception.  It  is  the  simplest  form 
of  reflex  action. 

Where  the  irritation  applied  to  the  integument  is  of  an  ordinaTy 
character  and  not  very  intense,  it  is  simply  reflected,  as  above 
described,  from  the  corresponding  ganglion  back  to  the  same  limb. 
Bat  if  it  be  of  a  peculiar  character,  or  of  greater  intensity  than  usual, 
it  may  be  also  transmitted  by  the  commissures  to  the  neighboring 
ganglia;  and  so  two,  three,  four,  or  even  all  five  of  the  limbs  may 
be  set  in  motion  by  a  stimulus  applied  to  the  integument  of  one  of 
them.  Now,  as  all  the  limbs  of  the  animal  have  the  same  structure 
and  contain  the  same  organs,  their  action  will  also  be  the  same ; 
and  the  effects  of  this  communication  of  the  stimulus  frcMn  one  to 
the  other  by  means  of  commissures  will  be  a  repetitioii^  or  rather 
a  simultaneous  production  of  similar  movements  in  different  parts 
of  the  body.  According  to  the  character  and  intensity,  therefore, 
of  the  original  stimulus,  it  will  be  followed  by  a  response  from 
one,  several,  or  all  of  the  different  parts  of  the  animal  frame. 

It  will  be  seen  also  that  there  are  two  sets  of  nervous  filaments^ 
dififering  essentially  in  their  functions.  One  set  of  these  fibres  run 
from  the  sensitive  surfaces  to  the  ganglion,  and  convey  the  nervous 
impression  inward.  These  are  called  sensitive  fibres.  The  other 
set  run  from  the  ganglion  to  the  muscles,  and  carry  the  nervous 
impression  outward.    These  are  called  motor  fibres. 

In  the  starfish,  where  the  body  is  composed  of  a  repetition  of  simi- 
lar parts  arranged  round  a  common  centre,  and  where  all  the  limbs 
are  precisely  alike  in  structure,  the  several  ganglia  composing  the 
nervous  system  are  also  similar  to  each  other,  and  act  in  the  same 
86 
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way.  But  in  animals  which  are  constructed  upon  a  difiFerent  plan, 
and  whose  bodies  are  composed  of  distinct  organs,  situated  in  dif- 
ferent regions,  we  find  that  the  nervous  ganglia,  presiding  over 
the  function  of  these  organs,  present  a  corresponding  degree  of 
dissimilarity. 

In  Aphjfia,  for  example,  which  belongs  to  the  type  of  "mollosca,* 
or  sofl-bodied  animals,  the  digestive  apparatus  consists  of  a  moatb, 
an  oesophagus,  a  triple  stomach,  and  a  some- 
what convoluted  intef*tine.  The  liver  is 
large,  and  placed  on  one  side  of  the  body, 
while  the  gills,  in  the  form  of  vascular 
laminjB,  occupy  the  opposite  side.  There 
are  both  testicles  and  ovaries  in  the  same 
animal,  the  male  and  female  functions  co- 
existing, as  in  many  other  invertebrate 
species.  All  the  organs,  furthermore,  are 
here  arranged  withmit  reference  to  a  reg- 
ular or  svmmetrical  plan.  The  body  is 
covered  with  a  muscular  mantle,  which  ex- 
pands at  the  ventral  surface  into  a  tolerably 
Well-developed  "  fi.tot,"  or  organ  of  locomo- 
tion, by  which  the  animal  is  enab!e<l  to 
change  its  position  and  move  from  one 
locality  to  another. 

The  nervous  system  of  this  animal!  is  con- 
structed upon  a  plan  corresponding  with 
that  of  the  entire  body.  (Fig.  135.)  There  is  a  small  ganglic 
situated  anteriorly,  which  sends  nerves  to  the  commoncement 
digestive  apparatus,  and  is  regarded  as  the  oesophageal  or  digesbtre 
ganglion.  Immediately  behind  it  is  a  larger  one  (a)  called  tl» 
cephalic  or  cerebral  ganglion,  which  sends  nerves  to  the  organs  of 
special  sense,  and  which  is  regarded  as  the  seat  of  volition  uii 
general  sensation  for  the  entire  body.  Following  this  is  a  pair  of 
ganglia  {s,  i),  the  pedal  or  locomotory  ganglia,  which  supplj 
muscular  mantle  and  its  foot-like  expansion,  and  which 
the  movement  of  these  organs.  Finally,  another  ganglion  (i\ 
ated  at  the  posterior  part  of  the  body,  sends  nerves  to  the  bi 
or  gills,  and  is  termed  the  branchial  or  respiratory  ganglioo. 
these  nervous  centres  are  connected  by  commissures  with  the  central 
or  cerebral  ganglion,  and  may  therefore  act  either  indepeodentlj 
or  in  association  with  each  other,  by  means  of  these  connectiog  fibres. 
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In  the  third  type  of  animals,  again,  viz.,  the  arficulala,  the  gene- 
ral plan  of  structure  of  the  body  is  difi'eretit  from 
the  foregoing,  and  the  nervous  system  is  accord- 
ingly modified  to  correspond  with  it.  In  these 
animals,  the  body  is  composed  of  a  number  of 
rings  or  sections,  which  are  articulated  with  each 
other  in  linear  series.  A  very  good  example  of 
this  type  may  be  found  in  the  common  centipede, 
or  scolopemira,  Ilere  the  body  is  composed  of 
twenty-two  successive  and  nearly  similar  articu- 
lations, each  of  which  has  a  pair  of  legs  attached, 
and  contains  a  portion  of  the  glandular,  rcspira- 
_^^_^^^_  tory,  digestive  and  reproductive  apparatuses. 
I  "^K^r**'      ^^^  animal,  therefore,  consists  of  a  repetition  of 

I  IZ^P^^^       similar  compound  parts,  arranged  in  a  longitudi- 

I  '^^m^        '^"^  chain  or  series.     The  only  exceptions  to  this 

I  ^ri^^l^        similarity  are  in  the  first  and  last  articulations. 

^^^      .^^9SM\         '^'^)*^  ^I'st  {a  large,  and  contains  the  mouth ;  the 
^^^         >Hv  ^^^  ^^  small,  and  contains  the  anus.     The  first 

^^m         i\  articulation,  which  is  called  the  "  head,"  is  also 

^^^        I       I  furnished  with  eyes,  with  antennae,  and  with  a 

^^^  pair  of  jaws,  or  mandibles. 

or  OMTiPksi.  ^  he  nervous  system  ol  the  centipede  (rig.  loo), 

corresponding  in  structure  with  the  above  plan, 
consists  of  a  linear  series  of  nearly  equal  and  similar  ganglia  arranged 
in  pairs,  situated  upon  the  median  line,  along  the  ventral  surface  of 
the  alimentary  canal.  Each  pair  of  ganglia  is  connected  with  the 
integument  and  muscles  of  its  own  articulation  by  sensitive  and 
motor  filaments ;  and  with  those  which  precede  and  follow  by  a 
double  cord  of  longitudinal  commissural  fibres.  In  the  first  articu- 
lation, moreover,  or  the  head,  the  ganglia  are  larger  than  elsewhere, 
and  send  nerves  to  the  antenna)  and  to  the  organs  of  special  sense. 
This  pair  is  termed  the  cerebral  ganglion,  or  the  "  brain." 

A  reflex  action  may  take  place,  in  these  animals,  through  either 
one  or  all  of  the  ganglia  composing  the  nervous  chain.  An  im- 
pression received  by  the  integument  of  any  part  of  the  body  may 
be  transmitted  inward  to  its  own  ganglion  and  thence  reflected 
immediately  outward,  so  as  to  produce  a  movement  of  the  limbs 
belonging  to  that  articulation  alone;  or  it  may  be  propagated, 
I    through  the  longitudinal  commissures,  forward  or  backward,  and 
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tious ;  or,  finally,  it  may  be  propagated  quite  up  to  the  anterior  pair 
of  ganglia  or  "brain,"  where  its  reception  will  be  accompanied  with 
consciousness,  and  a  voluntary  movement  reflected  back  upon  anj 
or  all  of  the  limbs  at  once.  The  organs  of  special  sense,  also,  com- 
mnnicato  directly  with  the  cerebral  ganglia ;  and  impressions  cod- 
veyed  through  them  may  accordingly  give  rise  to  movements  in 
any  distant  part  of  the  body.  In  these  animals  the  ventral  ganglia, 
or  those  which  simply  stand  as  a  medium  of  communication  be- 
tween the  integument  and  the  muscles,  are  nearly  similar  through- 
out ;  while  the  first  pair,  or  those  which  receive  the  nerves  of  special 
sense,  and  which  exercise  a  general  controlling  power  over  the  rest 
of  the  nervous  system,  are  distinguished  from  the  remainder  by  a 
well-marked  preponderance  in  size. 

In  the  centipede  it  will  be  noticed  that  nearly  all  the  organs  and 
functions  are  distributed  in  an  equal  degree  throughout  the  whole 
length  of  the  body.  The  organs  of  special  sense  alone,  with  tho« 
of  mastication  and  the  functions  of  perception  '  and  volition,  are 
confined  to  the  head.  The  ganglia  occupying  this  part  are  tber»- 
fore  the  only  ones  which  are  distinguished  by  any  external  pecn- 
liarities;  the  remainder  being  nearly  uniform  both  in  size  and 
activity.  In  some  kinds  of  articulated  animals,  however,  particular 
fimctions  are  concentrated,  to  a  greater  or  less  extent,  in  particular 
parts  of  the  body ;  and  the  nervous  ganglia  which  preside  over 
them  are  modified  in  a  corresponding  manner.  In  the  insects, 
for  example,  the  body  is  divided  into  three  distinct  sections,  viz: 
the  head,  containing  the  organs  of  prehension,  mastication,  tact  ^ 
and  special  sense ;  the  chest,  upon  which  are  concentrated  the  or«fl 
gans  of  locomotion,  the  legs  and  wings* ;  and  the  abdomen,  contain* 
ing  the  greater  part  of  the  alimentary  canal,  together  with  th« 
glandular  and  generative  organs.  As  the  insects  have  a  greater 
amount  of  intelligence  and  activity  than  the  centipedes  and  other 
worm-like  articulata,  and  as  the  organs  of  special  sense  are  man 
perfect  in  them,  the  cerebral  ganglia  are  also  unusually  developed, 
and  are  evidently  composed  of  several  pairs,  connected  by  commis- 
sures so  as  to  form  a  compound  mass.  As  the  organs  of  locomo- 
tiou,  furthermore,  in.?tead  of  being  distributed,  as  in  the  centipede^ 
throughout  the  entire  length  of  the  animal,  are  concentrated  upoo 
the  chest,  the  locomotory  ganglia  also  preponderate  in  size  in  tbil 
recrion  of  the  body ;  while  the  ganglia  which  preside  over  the  secre- 
tory and  generative  functions  are  situated  together,  in  the  cavity  of 
the  abdomen. 
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All  tbe  above  parts,  however,  are  connected,  in  the  same  manner 
as  previously  described,  witli  tbe  anterior  or  cerebral  pair  of  gan- 
glia. In  all  articulate  animals,  moreover,  tbe  general  arrangement 
of  tbe  body  is  symmetrical.  The  right  side  is,  for  the  most  part, 
precisely  like  the  left,  as  well  in  the  internal  organs  as  in  the  ex- 
ternal covering  and  tbe  locomotory  appendages.  The  only  marked 
variation  between  difierent  parts  of  the  body  is  in  an  antero-pos- 
terior  direction;  owing  to  different  organs  being  concentrated,  in 
some  cases,  in  tbe  bead,  chest,  and  abdomen. 

Finally,  in  tbe  vertebrate  type  of  animals,  comprising  man,  the 
quadrupeds,  birds,  reptiles,  and  fish,  the  external  j)art3  of  the  body, 
together  with  tbe  locomotory  apparatus  and  tbe  organs  of  special 
sense,  are  symmetrical,  as  ih  the  articulata;  but  tbe  internal  organs, 
especially  those  concerned  in  the  digestive  and  secretory  functions, 
are  unsymraetrical  and  irregular,  as  in  the  molluscs.  The  organs 
of  respiration,  however,  are  nearly  symmetrical  in  tbe  vertebrata, 
for  tbe  reason  that  the  respiratory  movements,  upon  which  tbe 
function  of  these  organs  is  immediately  dependent,  are  performed 
by  muscles  belonging  to  tbe  general  locomotory  apparatus.  Tbe 
nervous  system  of  tbe  vertebrata  partakes,  accordingly,  of  the  struc- 
tural arrangement  of  the  organs  imder  its  control.  That  portion 
which  presides  over  tlie  locomotory,  respiratory,  sensitive,  and  in- 
tellectual functions  forms  a  system  by  itself,  called  the  cerdtro-spinal 
gt/sUm.  This  system  is  arranged  in  a  manner  very  similar  to  that 
of  the  articulata.  It  is  composed  of  two  equal  and  symmetrical 
halves,  running  along  tbe  metlian  line  of  tbe  body,  the  diflfer^nt 
parts  of  which  are  connected  by  transverse  and  longitudinal  com- 
missures. Its  ganglia  occupy  tbe  cavities  of  the  cranium  and  the 
spinal  canal,  and  send  out  their  nerves  through  openings  in  tbe 
bony  walls  of  these  cavities. 

The  other  portion  of  tbe  nervous  system  of  vertebrata  is  that 
which  presides  over  tbe  functions  of  vegetative  life.  It  is  called 
tbe  gangUom'e  or  great  syvrpatlietic  system.  Its  ganglia  are  situated 
anteriorly  to  the  spinal  column,  in  the  visceral  cavities  of  tbe  body, 
and  are  oonnecie<i,  like  the  others,  by  transverse  and  longitudinal 
commissures.  This  part  of  the  nervous  system  is  symmetrical  in 
tbe  neck  and  thorax,  but  is  uusymmetrical  in  the  abdomen,  where 
it  attains  its  largest  size  and  its  most  complete  development. 

The  vertebrate  animals,  as  a  general  rule,  are  very  much  superior 
to  the  other  classes,  in  intelligence  and  activity,  as  well  aa  in  the 
variety  and  complicated  character  of  their  motions;  while  their 
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Fig.  187. 
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nutritive  or  vegetative  fuiiclions, 
on  the  other  hand,  are  not  particu- 
larly well  developed.  Accordingly 
we  find  that  in  these  animals  the 
cerebrij-spinal  system  of  nerves 
preponderates  very  much,  in  im- 
portance and  extent,  over  that  of 
the  great  sympathetic.  The  quan- 
tity of  nervous  matter  contained 
in  the  brain  and  spinal  cord  is, 
even  in  the  lowest  vertebrate  ani- 
mal, very  much  greater  tlian  that 
contained  in  the  system  of  the  great 
gympnthetic;  and  this  preponder- 
ance increases,  in  the  higher  classes, 
just  in  proportion  to  their  supe- 
riority in  intelligence,  sensation, 
power  of  motion,  and  other  func- 
tions of  ft  purely  animal  character. 

The  spinal  cord  is  very  nearly 
alike  in  the  different  classes  of  ver- 
tebrate animals.  It  is  a  nearly 
cyliwlrical  cord,  running  from  one 
end  of  the  spinal  canal  to  the  other, 
and  connected  at  its  anterior  ex- 
tremity with  the  ganglia  of  the  brain.  (Fig.  187.)  It  is  divided 
by  an  anterior  and  posterior  median  fissure,  into  two  lateral  halm. 
which  still  remain  connecteil  with  each  other  by  a  central  tau»ot 
commissure.  Its  inner  portions  are  occupied  by  gray  matter, 
which  forms  a  continuous  ganglionic  chain,  running  from  one  ex- 
tremity of  the  cord  to  the  other.  Its  outer  portions  are  compoBed 
of  white  substance,  the  filaments  of  which  run  for  the  most  part  ia 
a  longitudinal  direction,  connecting  the  diderent  parts  of  the  cord 
with  each  other,  and  the  cord  itself  with  the  ganglia  of  the  brain. 

The  spinal  nerves  are  given  off  from  the  spinal  cord  at  reguUr 
intervals,  and  in  symmetrical  pairs;  one  pair  to  each  sncoesMW 
portion  of  the  body.  Their  filaments  are  distributed  to  the  integn- 
meat  and  muscles  of  the  corresponding  regions.  In  serpentt^  wbeit 
locomotion  is  f)erformed  by  simple,  alternate,  lateral  moymtSDln 
of  the  spinal  column,  the  spinal  cord  and  its  nerves  are  of  the 
same  size  throughout     But  in  the  other  vertebrate  classes,  wben 
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there  exist  special  organs  of  locomotion,  such  as  fore  and  hind 
lega^  wings,  and  the  like,  the  spinal  cord  is  increased  in  size  at 
the  points  where  the  nerves  of  these  organs  are  given  off;  and  the 
themselves,  which  supply  the  limbs,  are  larger  than  those 
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or  int3  vmenur  uuru  uigmj  niin.M7i.     xuo  posterior  root  (e)  origi- 
nates at  the  point  corresponding  with  the  posterior  horn  of  gray 
matter.    Both  roots  are  composed  of  a  considerable  number  of 
nliiroate  nervous  filaments,  united  with  each ,  other  in  parallel 


392 


GKNJERAL    &TRUCTURK    AND    FUNCTIONS 


ished  by  the 


bundles.  The  posterior  root  is  disti 
small  gaogliou  {c\  which  appears  to  be  incorporated  with  it,  and 
through  which  its  fibres  pass.  There  is  no  such  ganglion  on  thfl 
anterior  root.     The  two  roots  unite  with  each  other  sho'-  r 

leaving  the  cavity  of  the  spinal  canal,  and  mingle  their  ;..«..,. .,-4 
in  a  single  trunk. 

It  will  be  seen,  on  referring  to  the  diagram  (Fig.  138),  thfti  cai-li 
lateral   half  of  the  spinal  cord  is  divided  into  two   por:    : 
anterior  and  a  posterior  portion.     The  posterior  horn  of  ^ 
ter  comes  quite  up  to  the  surface  of  the  cord,  and  it  is  just  At  (h 
point  (e)  that  the  posterior  roots  of  the  nerves  hav<i 
The  whole  of  the  white  substance  included  between  ti      ; 
the  posterior  median  fissure  is  called  the  jtoslerior  colttmn  iif 
ford.     That  which  is  included  between  the  origins  of  the  ; 

and  those  of  the  anterior  roots  is  called  the  lateral  colum:. .   ^ 

that  which  is  included  between  the  anterior  roots  and  the  antcriof 
median  fissure  is  the  anterior  column.     The  white  substance 
cord  may  then  be  regarded  as  consisting  for  the  most  part 
longitudinal  bundles  of  nervous  filaments,  viz.,  the  right  and  Ic/t 
anterior,  the  right  and  left  posterior,  and  right  and   left  laleni 
columns-    The  posterior  median  fissure  penetrates  deeply  into  the 
substance  of  the  cord,  quite  down  to  the  gray  matter,  so  that  tho 
posterior  columns  appear  entirely  separated  from  each  other  in  1 
transverse  section;  while  the  anterior  median  fissure  is  more  shal- 
low and  stops  short  of  the  gray  matter,  so  that  the  anterior  columnj 
are  connected  with  each  other  by  the  white  commissure  above  mco- 
tioned. 

By  the  encfphalon  we  mean  the  whole  of  that  portion  of  the 
oerebro- spinal  system  which  is  contained  in  the  cranial  cavity,  h 
is  divided  into  three  principal  parts,  viz.,  the  cerebrum,  cerebellam, 
and  me<lulla  oblongata.  The  auatoray  of  these  parts,  though  »oro«- 
what  complicated,  can  be  readily  understood  if  it  be  recollected 
that  they  are  simply  o  duribk  series  0/  nervotu  gamjlia,  eonnetiedviiA 
each  oUier  ami  with  the  spinal  cord  by  transverse  and  longitudinal 
commissures.  The  number  and  relative  size  of  these  ganglia,  in 
different  kinds  of  animals,  depend  upon  the  perfection  of  the  bodily 
•organization  in  general,  and  more  especially  on  that  of  the  inwUi- 
^ence  and  the  sj^ecial  senses.  Tbey  are  most  readily  described  hj 
•commencing  with  the  simpler  forms  and  terminating  with  the  more 
eomplex. 

The  brain  of  the  Alligator  (Fig.  139)  consists  of  five  pair  of 
g:ingti.%  ranged  one  behind  the  other  in  the  interior  of  the  craaiuai. 
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of  these  are  two  rounded  masses (i),  lying  just  above  and 
behind  the  nasal  cavities,  which  distri- 
bute their  nerves  upon  the  Schneiderian 
mucous  membrane.     These  are  the  olfac- 
tory (janglia.     They  are  connected  with 
the  rest  of  the  brain  by  two  long  and 
slender  commissures,  the  "  olfactory  com- 
missures."    The  next  pair  («)  are  some- 
what larger  and  of  a  triangular  shape, 
when   viewed    from    above  downward. 
They  are  termed  the  "cerebral  ganglia," 
or  the  hemispheres.     Immediately  follow- 
ing them  are  two  quadrangular  masses  (s) 
which  give  origin  to  the  optic  nerves,  and 
are  therefore   called  the   optic  ganrjUa. 
They  are  termed  also  the  "  optic  tuber- 
cles;" and  in  sotae  of  the  higher  animals, 
where  they  present  an  imperfect  division 
into    four  nciirly  equal  parts,  they  are 
known  as  the  "  tubercula  quadrigemina." 
I  them,  we  have  a  single  triangular  collection  of  nervous 
(«),  which  is  called  the  cerebellum.     Finally,  the  upper  por- 
*  the  cord,  just  behind  and  beneath  the  cerebellum,  is  seen  to 
rged  and  spread  out  laterally,  so  as  to  form  a  broad  oblong 
»),  the  mediiUa  oblongata.     It  is  from  this  latter  portion  of  the 
that  the  pneumogastric  or  respiratory  nerves  originate,  and 
xnglia  are  therefore  sometimes  termed  the  "  pneumogastric"  or 
jiratory"  ganglia. 

will  be  seen  that  the  posterior  columns  of  the  cord,  aa  they 
rg^laterally  in  order  to  form  the  medulla  oblongata,  leave  be- 
n  them  an  open  space,  which  is  continuous  with  the  posterior 
lan  fissure  of  the  cord.  This  space  is  known  aa  the  "  fourth 
pcle."  It  is  partially  covered  in  by  the  backward  projection 
le  cerebellum,  but  in  the  alligator  is  still  somewhat  open  pos- 
rly,  presenting  a  kind  of  chasm  or  gap  between  the  two  lateral 
as  of  the  medulla  oblongata. 

le  successive  ganglia  which  compose  the  brain,  being  arranged 
lira  as  above  described,  are  neparated  from  each  other  on  the 
sides  by  a  longitudinal  median  fissure,  which  is  continuous 
the  posterior  median  fissure  of  the  cord.  In  the  brain  of  the 
Eitor  thift  fissure  appears  to  be  interrupted  at  the  cerebellunr; 
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Fig.  140. 


but  in  the  higher  classes,  where  the  lateral  portions  of  the  cerebel- 
lum are  mare  highly  develo|ie(l,  as  in  the  human  subject  (Fig.  137) 
they  are  also  separated  from  each  other  posteriorly  on  the  me(hui 
line,  and  the  longitudinal  median  fissure  is  complete  tbroagbotiL 

In  birds,  the  hemispheres  are  of  much  larger  size  iban  in  pep- 
tiles,  and  partially  conceal  the  optic  ganglia.  The  cerebellum, 
also,  is  very  well  developed  in  this  class,  and  presents  on  it*  sur- 
face a  number  of  transverse  foldings  or  convolutions  by  whicb 
the  quantity  of  gray  matter  which 
it  contains  is  considerably  in- 
creased. The  cerebellum  here 
extends  so  far  backward  as  almost 
completely  to  conceal  the  medulla 
oblongata  and  the  fourth  ven- 
tricle. 

In  the  quadrupeds,  the  hemis- 
pheres and  cerebellum  attain  a 
Ktill  greater  size  in  proportion  to 
the  remaining  parts  of  the  brain. 
There  are  also  two  other  pairs  of 
ganglia,  situated  beneath  the  he- 
mispheres, and  between  them  and 
the  tul>ercula  quadrigemina. 
These  are  the  corpora  striata  in 
front  and  the  liptic  thalami  behind. 
In  Fig.  140  is  shown  the  brain  of 
the  rabbit,  with  the  hemispheres 
laid  open  and  turned  aside,  so  as  to  show  the  internal  parts  in  ihdt 
natural  situutiou.  The  olfactory  ganglia  are  seen  in  front  (i)  ooo- 
nected  with  the  remaining  parts  by  the  olfactory  com misauree.  The 
separation  of  the  hemispheres  («,  a)  shows  the  corpora  striata (j) and 
the  optic  thalami  (i).  Then  come  the  tubercula  quadrigemtitt(«)k 
which  are  here  composed,  as  above  mentioned,  of  four  rounJed 
masses  nearly  equal  in  size.  The  cerebellum  (•)  is  considerably  en- 
larged by  the  development  of  its  lateral  portions,  and  shows  w 
abundance  of  transverse  convolutions.  It  conceals  from  view  tic 
fourth  ventricle  and  most  of  the  medulla  oblongata. 

In  other  species  of  quadrupeds  the  hemispheres  increase  ia  am 
BO  aa  to  project  entirely  over  the  olfactory  ganglia  in  front,  and  to 
cover  in  the  tubercula  quadrigemina  and  the  cerebellum  behind 


The  surface  of  the  hemispheres  also  becomes  covered  with  Qume« 
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Fig.  141. 


nsi  convolutions,  which  are  curvilinear  and  souievvhat  irregular 
in  form  and  direction,  instead  of  being  transverse,  like  those  of  the 
cerebellum.  In  man,  the  development  of  the  hemispheres  reaches 
its  highest  point ;  so  that  they  preponderate  altogether  in  size  over 
the  rest  of  the  ganglia  constituting  the  brain.  In  the  human  brain, 
accordingly,  when  viewed  from  above  downward,  there  is  nothing 
to  be  seen  but  the  convex  surfaces  of  the  hemispheres ;  and  even 
in  a  posterior  view,  as  seen  in  Fig.  137,  they  conceal  everything 
but  a  portion  of  the  cerebellum.  All  the  remaining  parts,  how- 
ever, exist  even  here,  and  have  the  same  connections  and  relative 
situation  as  in  other  instances.  They  may 
best  be  studied  in  the  following  order. 

As  the  spinal  cord,  in  the  human  subject, 
passes  upward  into  tlie  craninl  cnvity,  it  en- 
larges into  the  medulla  oblongata  as  already 
described.  The  medulla  oblongata  presents 
on  each  side  three  projection.s,  two  anterior 
and  one  posterior.  The  middle  projections 
on  its  anterior  surface  (Fig.  141,  i,  i),  which 
are  calle^i  the  anterior  pyramuls,  are  the  con- 
tinuation  of  the  anterior  columns  of  the  cord. 
They  pass  onward,  underneath  the  transverse 
fibres  of  the  pons  Varolii,  run  upward  to  the 
corpora  striata,  pass  through  these  bodies, 
and  radiate  upward  and  outward  from  their 
external  surface,  to  terminate  in  the  gray 
matter  of  the  hemispheres.  The  projectiona 
immediately  on  the  outside  of  the  anterior  pyramids,  in  the  medulla 
oblongata,  are  the  olivary  IkmUhs  (» ,).  Each  contains  in  its  interior 
a  thin  layer  of  gray  matter  folded  upon  itself,  forming  a  convoluted 
ganglion,  which  is  connected,  by  longitudinal,  radiating  and  trans- 
verse fibres,  with  other  parts  of  the  medulla  above  and  below,  and 
with  the  corresponding  ganglion  of  the  opposite  side. 

The  anterior  columns  of  the  cord  present,  at  the  lower  part  of 
the  medulla  oblongata,  a  remarkable  interchange  or  crossing  of 
their  fibres  (<),  known  as  the  decussation  of  the  anterior  pyramids. 
Tnis  decussation,  as  shown  by  Mr.  J.  L.  Clarke,^  consi.sts  of  fibres 
derived  from  the  lateral  columns  of  the  cord,  which  cross  obliquely 
at  the  xnedian  line,  and  pass  over  to  be  incorporated  with  the  sub 

*  Reeearcbea  ou  the  lotlmsie  Structure  of  the  Br&in,  fto.  London,  Phil.  Tniu., 
1858. 
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Stance  of  the  opposite  anterior  columns,  thus  increasing  their  tnMC 
at  this  point,  and  forming  the  rounded  prominences  known  as  the 
anterior  pyramidsL  Thus  the  right  side  of  the  brain  is  connected 
with  the  left  side  of  the  spinal  cord,  and  the  right  side  of  the  spioal 
cord  with  tlie  left  side  of  the  brain. 

The  posterior  columns  of  the  cord,  as  they  diverge  ou  each  nde 
of  the  fourth  ventricle,  form  the  posterior  and  lateral  projectiona  rf 
the  medulla  oblongata  (s,  3).  They  are  sometimes  called  the  "re*- 
tiform  bodies,"  and  are  extremely  important  parts  of  the  bnun. 
They  consist  in  great  measure  of  the  longitudinal  filaments  of 
the  posterior  columns,  which  pass  upward  and  outward,  and  tar. 
distributed  jiartly  to  the  gray  matter  of  the  cerebellum.  The 
remainder  then  pass  forward,  underneath  the  tubercula  qoadri- 
gemina,  into  and  through  the  optic  thalatni;  and  radiating  tk-Dce 
upward  and  outward,  are  distributed,  like  the  continuation  of  tbn 
anterior  columns,  to  the  gray  matter  of  the  cerebrum.  Tlie  rerti- 
form  bodies,  however,  in  passing  upward  to  the  cerebellum,  »n 
supplied  with  some  fibres  from  the  anterior  columns  of  the  cord, 
which,  leaving  the  lower  portion  of  the  anterior  pyramids,  join  tlie 
restiform  bodies,  and  are  distribule<i  with  them  to  the  cerebellum. 
From  this  description  it  wi  11  be  seen  that  both  the  cerebrum  and 
the  cerebellum  are  supplied  with  filaments  from  both  the  anterior 
and  posterior  columns  of  the  cord. 

In  the  substance  of  each  restiform  body,  moreover,  there  is  im- 
bedded a  ganglion  which  gives  origin  to  the  pneumogastric  nerr«, 
and  presides  over  the  functions  of  respiration.  This  ganglion  is 
surrounded  and  covered  by  the  longitudinal  fibres  passing  uptiiid 
from  the  cord  to  the  cerebellum,  but  may  be  discovered  by  cutting 
into  the  substance  of  the  restiform  body,  in  which  it  is  buried,  ft 
is  the  first  important  ganglion  met  with,  in  dissecting  the  brtitt 
from  below  upward. 

While  the  anterior  columns  are  passing  beneath  the  pons  Varolii 
they  form,  together  with  the  continuation  of  the  posterior  oolumM 
and  the  transverse  fibres  of  the  pons  itself,  a  rounde<l  prorainenoe 
or  tuberosity,  which  is  known  by  tiie  name  of  the  tiU/er  antiulaft 
la.  the  deeper  portions  of  this  protuberance  there  is  situated,  among 
the  longitudinal  fibres,  aoolber  collection  of  gray  matter,  which 
though  not  of  large  size,  has  very  important  functions  and  oooneo- 
tions.     This  is  known  as  the  ganglion  of  Uie  tuber  annulare.  ■ 

Situated  almost  immediately  above  these  parts  we  have  the  cor- 
pora striata  in  Iront,  and  the  optic  tbalami  behind,  nearly  equal  in 
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(1  giving  passage,  as  above  described,  to  the  fibres  of  the 
r  and  posterior  columns.  Behind  them  still,  and  on  a  little 
er  level,  are  the  tubercula  quadrigemina,  giving  origin  to  the 
c  nerves.  The  olfactory  ganglia  rest  upon  the  cribriform  plate 
he  ethmoid  bone,  and  send  the  olfactory  filaments  through  the 

fations  in  this  plate,  to  be  distributed  upon  tlie  mucous  mom- 
of  the  upper  and  middle  turbinated  bones.     Tlie  cerebellum 
covers  in  the  fourth  ventricle 
^8- 1*2.  and  the  posterior  surface  of  the 

^i^jk^  medulla  oblongata;  and  finally 

~  the   cerebrum,    which    has    at- 

tained the  size  of  the  largest 
ganglion  in  the  cranial  cavity, 
extends  so  far  in  all  directions, 
forward,  backward,  and  later- 
ally, as  to  form  a  convoluted 
arch  or  vault,  completely  cover- 
ing all  the  remaining  parts  of 
the  encephalon. 

The  entire  brain  may  there- 
fore be  regarded  as  a  connected 
series  of  ganglia,  the  arrange- 
ment of  which  is  shown  in  the 
accompanying  diagram.  (Fig. 
142.)  These  ganglia  occur  in 
the  following  order,  counting 
efore  backward :  1st,  The  olfactory  ganglia.  2d.  The  cere- 
or  hemispheres,  3d.  The  corpora  striata.  4th.  The  optic 
lami.  5th.  The  tubercula  quadrigemina.  6th.  The  cerebellum. 
.  The  ganglion  of  the  tuber  annulare.  And  8tb.  The  ganglion 
,he  medulla  oblongata.  Of  these  ganglia,  only  the  hemispheres 
L  cerebellum  are  convoluted,  while  the  remainder  are  smooth  and 

ked  or  somewhat  irregular  in  shape.  The  course  of  the  fibres 
g  from  the  anterior  and  posterior  columns  of  the  cord  is  also 
M  seen  in  the  accompanying  figure.  A  portion  of  the  anterior 
K  we  have  already  observed,  pass  upward  and  backward,  with 
restiform  bodies,  to  the  cerebellum ;  while  the  remainder  run 
iirard  through  the  tuber  annulare  and  the  corpus  striatum,  and 
Q  radiate  to  the  gray  matter  of  the  cerebrum.  The  posterior 
•e&,  con.stituting  the  restiform  body,  are  distributed  partly  to  the 
ll^llum,  and  then  pass  forward,  as  previously  described,  under- 
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neath  the  tnbercula  quaclrigemina  to  the  optic  thalmi,  whence  tl.^ 
are  also  finally  distributed  to  the  gray  matter  of  the  cerebrum. 

The  cerebrum  and  cerebellum,  each  of  which  is  divided  into  two 
lateral  halves  or  "  lobes,"  by  the  great  longitudinal  fissure,  are  both 
provided  with  transverse  commissures,  by  which  a  conuectioa  is 
established  between  their  right  and  left  sides.  The  great  \nj» 
verse  commissure  of  the  cerebrum  is  that  layer  of  white  substanoe 
which  is  situated  at  the  bottom  of  the  longitudinal  fissure,  and 
which  is  generally  known  by  the  name  of  the  "  corpus  calkwum." 
It  consists  of  nervous  filaments,  which  originate  from  the  gray 
matter  of  one  hemisphere,  converge  to  the  centre,  where  they  \)t- 
come  parallel,  cross  the  median  line,  and  are  finally  distributed  to 
the  corresponding  parts  of  the  hemisphere  upon  the  opposite  side. 
The  transverse  commissure  of  the  cerebellum  is  the  pons  Varolii 
Its  fibres  converge  from  the  gray  matter  of  the  cerebellum  oo  one 
side,  and  pass  across  to  the  opposite;  encircling  the  tuber  annuUre 
with  a  hand  of  parallel  curved  fibres,  to  which  the  name  of  "  pon* 
Varolii"  has  been  given  from  their  resemblance  to  an  arched  bridge. 

The  cerebro-spinal  system,  therefore,  consists  of  a  series  of  g»n- 
glia  situated  in  the  cranio-spinal  cavities,  connected  with  each  other 
by  transverse  and  longitudinal  commissures,  and  sending  out  nerve* 
to  the  corresponding  parts  of  the  body.  The  spinal  cord  supplied 
the  integument  and  muscles  of  the  neck,  trunk,  and  extremitie*; 
while  the  ganglia  of  the  brain,  besides  supplying  the  corresponding 
parts  of  the  head,  preside  also  over  the  organs  of  special  sense,  and 
perform  various  other  functions  of  a  purely  nervous  character. 
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CHAPTER    II. 

OF  NERVOUS  IRRITABILITY  AND  ITS  MODE   OP 

ACTION. 

We  have  already  mentioned,  in  a  previous  chapter,  that  every 
organ  in  the  body  is  endowed  with  the  property  of  irritability;  that 
is,  the  property  of  reacting  in  some  peculiar  manner  when  subjected 
to  the  action  of  a  direct  stimulus.  Thus  the  irritability  of  a  gland 
shows  itself  by  increased  secretion,  that  of  the  capillary  vessels  by 
congestion,  that  of  the  muscles  by  contraction.  Now  the  irritability 
of  the  muscles,  indicated  as  above  by  their  contraction,  is  extremely 
aerviceable  as  a  means  of  studying  and  exhibiting  nervous  pheno- 
mena. We  shall  therefore  commence  this  chapter  by  a  study  of 
some  of  the  more  important  facts  relating  to  muscular  irritability. 

The  irriUibility  of  the  muscles  is  a  property  inherent  in  Uie  muscular 
fibre  itself.  The  existence  of  muscular  irritability  cannot  be  ex- 
plained by  any  known  physical  or  chemical  laws,  so  far  as  they 
relate  to  inorganic  substances.  It  must  be  regarded  simply  as  a 
peculiar  property,  directly  dependent  on  the  structure  and  consti- 
tution of  the  muscular  fibre;  just  as  the  property  of  emitting  light 
belongs  to  phosphorus,  or  that  of  combining  with  metals  to  oxygen. 
This  property  may  be  called  into  action  by  various  kinds  of  stimu- 
lus ;  as  by  pinching  the  muscular  fibre,  or  pricking  it  with  the  point 
of  a  needle,  the  application  of  an  acid  or  alkaline  solution,  or  the 
discharge  of  a  galvanic  battery.  All  these  irritating  applications 
are  immediately  followed  by  contraction  of  the  muscular  fibre. 
This  contraction  will  even  take  plac«  under  the  microscope,  when 
the  fibre  is  entirely  isolated,  and  removed  from  contact  with  any 
other  tissue ;  showing  that  the  properties  of  contraction  and  irrita- 
bility reside  in  the  fibre  itself,  and  are  not  communicated  to  it  by 
other  parts. 

Muscular  irritability  continues  for  a  certain  time  after  death.  The 
stoppage  of  respiration  and  circulation  does  not  at  once  destroy 
the  vital  properties  of  the  tissues,  but  nearly  all  of  them  retain 
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these  properties  to  a  certain  extent  for  some  time  afterwartl.  ir» 
only  whtjn  the  constitution  of  the  tissues  has  become  altered  hj 
being  deprived  of  blood,  and  by  the  consequent  derangemeDt  of 
the  nutritive  process,  that  their  characteristic  properties  are  finally 
lost  Thus,  in  the  muscles,  irritability  and  contractility  may  be 
easily  shown  to  exist  for  a  short  time  after  death  by  applying  to 
the  exposed  muscular  fibre  the  same  kind  of  stimulus  that  we  luive 
already  found  to  affect  it  during  life.  It  is  easy  to  see,  in  the 
muscles  of  the  ox,  after  the  animal  has  been  killed,  flayed,  and 
eviscerated,  difterent  bundles  of  rauscuhir  fibres  contracting  irregB- 
larly  lor  a  long  time,  where  thej  are  exposed  to  the  ct>nta<Jl  of  the 
air.  E  /en  in  the  human  suViject  the  same  phenomenon  may  be 
seen  in  cases  of  amputation ;  the  exposed  muscles  of  the  amputated 
limb  frequently  twitching  and  quivering  for  many  nuDutas 
their  separation  from  the  body. 

The  duration  of  muscular  irritability,  after  death,  varies  oonsidar- 
ably  in  difterent  classes  of  animals.  It  disappears  most  rtpidlr 
in  those  whose  circulation  and  respiration  are  naturally  the  most 
active ;  while  it  continues  for  a  longer  time  in  those  whose  circnU- 
tion  and  respiration  are  sluggish.  Thus  in  birds  the  rnuiwalnr 
irritability  continues  only  a  few  minutes  after  the  death  of  ibo 
animal.  In  quadrupeds  it  lasts  somewhat  longer; 
while  in  reptiles  it  remains,  under  favorable  cir- 
cum.stances,  for  many  hours.  The  cause  of  this 
difference  is  probably  that,  in  birds  and  quadrupeds, 
the  tissues  being  very  vascular,  and  the  molecular 
changes  of  nutrition  going  on  with  rapidity,  the 
constitution  of  the  muscular  fibre  becomes  so 
rapidly  altered  aft«r  the  circulation  has  ceased. 
that  its  irritability  soon  c]isa|ipears.  In  reptiles, 
on  the  other  hand,  the  tissues  are  less  vascular 
than  in  birds  and  quadrupeds,  and  all  the  nutritive 
changes  go  on  more  slowly.  Respiration  and  cir- 
culation can  therefore  be  dispensed  with  for  a  longer 
period,  before  the  constitution  of  the  tissues  be- 
oomea  so  much  altered  as  to  destroy  altogether 
their  vital  properties. 

Owing  to  this  peculiarity  of  the  cold-blooded 
animals,  their  tissues  mny  be  used  with  great  ad- 
vantage for  purposes  of  experiment.    If  a  frog's  leg.  for  exa' 
be  separated  from  the  body  of  the  animal  (Fig.  143),  the 
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removed,  and  the  poles  of  a  galvanic  apparatus  applied  to  the  sur- 
face of  the  muscle  (a,  />),  a  contraction  takes  place  every  time  the 
drcnit  is  completed  and  a  discharge  passed  through  the  tissues  of 
the  limb.  The  leg  of  the  frog,  prepared  in  this  way,  may  be  em- 
ployed for  a  long  time  for  the  purpose  of  exhibiting  the  effect  of 
various  kinds  of  stimulus  upon  the  muscles.  All  the  mechanical 
and  chemical  irritants  which  we  have  mentioned,  pricking,  pinching, 
cauterization,  galvanism,  &c.,  act  with  more  or  less  energy  and 
promptitude,  though  the  most  efficient  of  all  is  the  electric  discharge. 

Continued  irritation  exhausts  the  irritahility  of  the  muscles.  It  is 
found  that  the  irritability  of  the  muscles  wears  out  after  death  more 
rapidly  if  they  be  artificially  excited,  than  if  they  be  allowed  to 
remain  at  rest.  During  life,  the  only  habitual  excitant  of  mus- 
cular contraction  is  the  peculiar  stimulus  conveyed  by  the  nerves. 
After  death  this  stimulus  may  be  replaced  or  imitated,  to  a  certain 
extent,  by  other  irritants ;  but  their  application  gradually  exhausts 
the  contractility  of  the  muscle  and  hastens  its  final  disappearance. 
Under  ordinary  circumstances,  the  post-mortem  irritability  of  the 
muscle  remains  until  the  commencement  of  cadaveric  rigidity. 
When  this  has  become  fairly  established,  the  muscles  will  no  longer 
contract  under  the  application  of  an  artificial  stimulus. 

Certain  poisonous  substances  have  the  power  of  destroying  the 
irritability  of  the  muscles  by  a  dire(!t  action  upon  their  tissue. 
Sulphocyanide  of  potassium,  for  example,  introduced  into  the  cir- 
culation in  sufficient  quantity  to  cause  death,  destroys  entirely  the 
muscular  irritability,  so  that  no  contraction  can  afterward  be  pro- 
duced by  the  application  of  an  external  stimulant. 

Nervous  Irritahility. — The  irritability  of  the  nerves  is  the  pro- 
perty by  which  they  may  be  excited  by  an  external  stimulus,  so  as 
to  be  called  into  activity  and  excite  in  their  turn  other  organs  to 
which  their  filaments  are  distributed.  When  a  nerve  is  irritated, 
therefore,  its  power  of  reaction,  or  its  irritability,  can  only  be  esti- 
mated by  the  degree  of  excitement  produced  in  the  organ  to  which 
the  nerve  is  distributed.  A  nerve  running  from  the  integument  to 
the  brain  produces,  when  irritated,  a  painful  sensation;  one  dis- 
tributed to  a  glandular  organ  produces  increased  secretion ;  one  dis- 
tributed to  a  muscle  produces  contraction.  Of  all  these  effects, 
muscular  contraction  is  found  to  be  the  best  test  and  measure  of 
nervous  irritability,  for  purposes  of  experiment.  Sensation  cannot 
of  course  be  relied  on  for  this  purpose,  since  both  consciousness  and 
volition  are  abolished  at  the  time  of  death.  The  activity  of  the 
26 
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glandular  organs,  owing  to  the  stoppage  of  the  circulation,  di 
also  very  rapidly,  or  at  least  cannot  readily  be  deraonstra 
contractility  of  the  muscles,  however,  lasts,  as  we  have  seen! 
considerable  time  after  death,  and  naay  accordingly  bo  emplo' 
with  great  readiness  as  a  test  of  nervous  irritability.  The  man 
of  its  employment  is  as  follows : —  ^H 

The  leg  of  a  frog  is  separated  from  the  body  and  strippe^l 
integument ;  the  sciatic  nerve  having  been  previously  diaagc 
out  and  cut  off  at  its  point  of  emergence  from  the 
spinal  canal,  so  that  a  considerable  portion  of  it 
remaitis  in  connection  with  the  separated  limb. 
(Fig.  144.)  If  the  two  poles  of  a  galvanic  appa- 
ratus be  now  placed  in  contact  with  different 
points  (n  b)  of  the  exposed  nerve,  and  a  discharge 
allowed  to  pass  between  them,  at  the  moment 
of  discharge  a  sudden  contraction  takes  place  in 
the  muscles  below.  It  will  be  seen  that  this  ex- 
periment is  altogether  different  from  the  one  re- 
presented in  Fig.  143.  In  that  experiment  the 
galvanic  discharge  passes  through  the  muscles 
themselves,  and  acts  upon  them  by  direct  stim- 
ulus. Ilere,  however,  the  discharge  passes  only 
from  a  to  h  thrtiugh  the  tissues  of  the  nerve,  and 
acts  directly  upcm  the  nerve  alone;  while  the 
nerve,  acting  upon  the  muscles  by  its  own  pecu- 
liar agency,  causes  in  this  way  a  muscular  con- 
traction. It  is  evident  that  in  order  to  produce 
this  eftect,  two  conditions  are  equally  essential ;  Ist. 
The  irritiibility  of  the  muscles;  and  2d.  The  irri- 
tJibility  of  the  nerve.  So  long,  therefore,  as  the 
mu.scles  are  in  a  healthy  condition,  their  contraction,  u 
influence  of  a  stimulus  applied  to  the  nerve,  demonstrates 
lability  of  the  latter,  and  may  be  used,  as  a  convenient  mi 
its  intensity. 

2%«  irriiabitity  of  the  nen>e  continuea  after  death.     The  k: 
of  this  fact  follows  from  what  has  ju.st  been  said  with  re, 
perimenting  upon  the  frog's  leg,  prepared  as  above, 
bility  of  the  nerve,  like  that  of  the  muscle,  depends  di 
its  anatomical  structure  and  constitution;  and  so  long 
main  unimpaired,  the  nerve  will  retain  its  vital  propert 
respiration  and  circulation  may  have  ceased.     For  the 
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ilso,  as  that  given  above  with  regard  to  the  muscles,  nervous  irri- 
^bility  lasts  much  longer  after  death  in  the  cold-blooded  than  in 
the  ■warm-blooded  animals.  Various  artificial  irritants  may  be  ein- 
ployed  to  call  it  into  activity.  Pinching  or  pricking  the  exposed 
nerve  with  steel  instruments,  the  appliciition  ol  caustic  liquids,  and 
the  j>assage  of  galvanic  discharges,  all  have  this  ellcct.  The  electric 
curreui,  however,  is  much  the  best  means  to  employ  for  this  pur- 
pose^ since  it  is  more  delicate  in  its  operation  than  the  others,  and 
will  continue  to  succeed  for  a  longer  lime. 

The  nerve  is,  indeed,  so  exceedingly  sensitive  to  the  electric  cur- 
^T^t,  that  it  will  respond  to  it  when  insensible  to  all  other  kinds  of 
sliinulus.  A  frogs  leg  freshly  prepared  with  the  nerve  attached, 
as  in  l?ig.  144,  will  react  so  readily  whecever  a  discharge  is  passed 
through  the  nerve,  that  it  forms  an  extremely  delicate  instrument 
for  dtiiecting  the  presence  of  electric  currents  of  low  intensity,  and 
nas  even  been  used  for  this  purpose  by  Matteucci,  under  the  name 
of  the  "galvanoscopic  frog.'*  It  is  only  necessary  to  introduce  the 
Qsrve  as  part  of  the  electric  circuit;  and  if  even  a  very  feeble  cur- 
^^t    V)e  present,  it  is  at  once  betrayed  by  a  museular  contraction. 

Tti^  superiority  of  electricity  over  other  means  of  exciting  nerv- 
0113  Q^tion,  such  as  mechanical  violence  or  chemical  agents,  pro- 
babl^y-  depends  upon  the  fact  that  the  latter  necessarily  alter  and 
a»3ititegrate  more  or  less  the  substance  of  the  nerve,  so  that  its  irri- 
***-*'  1  ity  soon  disappears.  The  electric  current,  on  the  other  hand, 
excit<jg  the  nervous  irritability  without  any  marked  injury  to  the 
s^o:at.ance  of  the  nervous  fibre.  Its  actioa  may,  therefore,  be  con- 
ticitt.^^  for  a  longer  period. 

-^^'•srvoTw  irritability,  like  that  of  the  muscles,  is  exhaxisted  by  repeated 

^'^*  ^•emen/.     If  a  frog^s  leg  l»e  prepared  as  above,  with  the  sciatic 

^**'^^«  attached,  and  allowed  to  remain  at  rest  in  a  damp  and  cool 

"  ^*^^  where  its  tissue  will  not  become  altered  bv  desiccation,  the 

•^"^^e  will  remain  irritable  for  manv  hours:  but  if  it  be  excited. 

7^^*^  after  its  separation  from  the  boily,  by  repeated  galvanic  shocks, 

J     ^<^on  begins  to  react  with  diminished  energy,  and  becomes  gra- 

-     ^^  l  ly  less  and  less  irritable,  until  it  at  last  ceases  to  exhibit  any 

*-Vier  excitability.     If  it  be  now  allowed  to  remain  for  a  time  at 

r^^»  its  irritability  will  be  partially  restored ;  and  muscular  contrac- 


Ei 


will  again  ensue  on  the  applicatioo  of  a  stimulus  to  the  nerve. 
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^Vjausted  a  second  time,  and  a  second  time  allowed  to  repose,  it 

.^^^  again  recover  itself;  and  this  may  even  be  repeated  several 

**^«fl  in  succession.     At  each  repetition,  however,  the  recovery  ol 
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nervous  irritability  is  less  complete,  until  it  finally  disappears  ilta 
gether,  and  can  no  longer  be  recalled. 

Various  accidental   circumstances  tend  to  diminish  or  destroy 
nervous  irritability.     The  action  of  the  tuoorara  poison,  for  exampl 
destroys  at  once  the  irritability  of  the  nerves;  sO  that  in  animal 
killetl  by  this  substance,  no  muscular  contraction  takes  place  oir' 
irritating  the  nervous  trunk.     Severe  and  sudden  mechanical  inja 
ries  often  have  the  same  effect;  as  where  death  is  produced  fa/ 
violent  and  extensive  crushing  or  laceration  of  the  body  or  limb*. 
Such  an  injury  produces  a  general  disturbance,  or  shock  as  it  is 
called,  which  affects  the  entire  nervous  system,  and  destroys  oi 
suspends  its  irritability.     The  cfTects  of  such  a  nervous  shock  m«i 
frequently  be  seen  in  the  human  subject  after  railroad  accidenti 
where  the  patient,  though  very  extensively  injured,  may  remaiD 
for  some  hours  without  feeling  the  pain  of  his  wound*.     It  is  only 
after  reaction  has  taken  place,  and  the  activity  of  the  nerves  hiB 
been  restored,  that  the  patient  begins  to  be  sensible  of  pain. 

It  will  often  be  found,  on  preparing  the  frog's  leg  for  experiment 
as  above,  that  immediately  after  the  limb  has  been  separated  from 
the  body  and  the  integument  removed,  the  nerve  is  destitute  of 
irritability.  Its  vitality  baa  been  suspended  by  the  violence  in- 
fiicted  in  the  preparatory  operation.  In  a  few  moments,  however, 
if  kept  under  favortible  conditions,  it  recovers  from  the  shock,  and  i 
regains  its  natural  irritability.  ^^^| 

The  action  of  the  galvanic  current  upon  the  nerves,  as  first  sbffl^^ 
by  the  experiments  of  Matteucci,  is  in  many  resj>ects  peculiar.  K 
the  current  be  made  to  traveri«e  the  nerve  in  the  natural  direction 
of  its  fibres,  viz.,  from  its  origin  towards  its  distribution,  as  from  • 
to  b  in  Fig.  144,  it  is  called  the  direct  current.  If  it  be  made  to 
pass  in  the  contrary  direction,  as  from  b  to  a,  it  is  called  the  invtrtt 
current.  When  the  nerve  is  fresh  and  exceedingly  irritable,  a 
muscular  contraction  takes  place  at  both  the  commencement  aod 
termination  of  the  current,  whether  it  be  direct  or  inverse.  But 
very  soon  afterward,  when  the  activity  of  the  nerve  ha*  becoin* 
somewhat  diminished,  it  will  be  found  that  contraction  takes  place 
only  at  the  commencement  of  i}ie  direct  and  at  the  (ermination  of  lA< 
inverse  current.  This  may  readily  be  shown  by  preparing  the  two 
legs  of  the  same  frog  in  such  a  manner  that  they  remain  connected 
with  each  other  by  the  sciatic  nerves  and  that  portion  of  the  spiwl 
column  from  which  these  nerves  take  their  origin.  The  two 
so  prepared,  should  bo  placed  each  in  a  vessel  of  water,  wit! 
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nerrous  connection  hanging  between.  (Fig.  146.)  If  the  positive 
pole,  flk  of  the  battery  be  now  placed  in  the  vessel  which  holds  leg 
No.  1,  and  the  negative  pole,  b,  in  that  containing  leg  No.  2,  it  will 
be  seen  that  the  galvanic  current  will  traverse  the  two  legs  in  op> 
posite  directions.  In  No.  1,  it  will  pass  in  a  direction  contrary  to 
the  course  of  its  nervous  fibres,  that  is,  it  will  be  for  this  leg  an 

Fig.  146. 


invene  current;  while  in  No.  2  it  will  pass  in  the  same  direction 
vith  that  of  the  nervous  fibres,  that  is,  it  will  be  for  this  leg  a  direet 
ourrent.  It  will  now  be  found  that  at  the  moment  when  the  cir- 
cuit is  completed,  a  contraction  takes  place  in  No.  2  by  the  direct 
current^  while  No.  1  remains  at  rest ;  but  at  the  time  the  circuit  is 
broken,  a  contraction  is  produced  in  No.  1  by  the  inverse  current, 
but  no  movement  takes  place  in  No.  2.  A  succession  of  alternate 
contractions  may  thus  be  produced  in  the  two  legs  by  repeatedly 
ckMUig  and  opening  the  circuit.  If  the  position  of  the  poles,  a,  b, 
be  reversed,  the  effects  of  the  current  will  be  changed  in  a  corre- 
sponding manner. 

AfWr  a  nerve  has  become  exhausted  by  the  direct  current,  it  is 
still  sensitive  to  the  inverse ;  and  after  exhaustion  by  the  inverse, 
it  is  still  sensitive  to  the  direct.  It  has  even  been  found  by  Mat- 
tencci  that  afker  a  nerve  has  been  exhausted  for  the  time  by  the  direct 
earrenty  the  return  of  its  irritability  is  hastened  by  the  subsequent 
passage  of  the  inverse  current ;  so  that  it  will  become  again  sensi- 
tire  to  the  direct  current  sooner  than  if  allowed  to  remain  at  rest- 
Nothing,  accordingly,  is  so  exciting  to  a  nerve  as  the  passage  of 
direct  and  inverse  currents,  alternating  with  each  other  in  rapid 
succession.    Such  a  mode  of  applying  the  electric  stimulus  is  that 
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usually  adopted  in  the  galvanic  machines  used  in  medica] 
for  the  treatment  of  certain  puralytic  aftections.  In  these  machioec^ 
the  electrio  circuit  is  alternately  formed  and  broken  with  grest 
rapidity,  thus  producing  the  greatest  e Sect  upon  tho  nerves  with 
the  smallest  expenditure  of  electricity.  Such  alternating  currents, 
however,  if  very  powerful,  exhaust,  the  nervous  irritability  more 
rapidly  and  completely  than  any  other  kind  of  irritation ;  and  ia 
an  anima!  killed  by  the  action  of  a  battery  used  in  this  manner,  ibc 
nerves  may  be  found  to  be  entirely  destitute  of  irritability  from  the 
moment  of  death. 

The  irritahilily  of  the  nerves  ia  distinct  from  that  of  thr  musthn:  aD<J 
the  two  may  be  destroyed  or  suspended  independently  of  each  otiier. 
When  the  frog's  leg  haa  been  prepared  and  separated  from  the 
body,  with  the  sciatic  nerve  attached,  the  muscles  contract,  as  wf 
have  seen,  whenever  the  nerve  ia  irritated.  The  irritability  of  the 
nerve,  therefore,  is  manifested  in  this  instance  only  through  that  of 
the  muscle,  and  that  of  the  muscle  is  called  into  action  only  through 
that  of  the  nerve.  The  two  properties  may  be  separated  from  each 
other,  however,  by  the  action  of  xcoorara,  which  has  the  power,  i* 
first  pointed  out  by  Bernard,' of  destroying  the  irritability  of  ibe 
nerve  without  affecting  that  of  the  muscles.  If  a  frog  be  potsooed 
by  this  substance,  and  the  leg  prepared  as  above,  the  poles  of » 
galvanic  battery  applied  to  the  nerve  will  produce  no  effect ;  abow- 
ing  that  tho  nervous  irritability  has  ceased  to  exist.  But  if  the 
galvanic  discharge  be  passed  directly  through  the  muscles,  contrac- 
tion at  once  takes  place.  The  muscular  irritability  has  gunrivwl 
th.1t  of  the  nerves,  and  must  therefore  be  regarded  as  easentialljr 
distinct  from  it. 

It  is  found,  moreover,  that  the  action  of  woorara,  in  these  oaaas, 
,is  especially  exerted,  not  upon  the  entire  length  of  the  motor  fil*- 
ments,  but  upon  their  peripheral  extremities,  at  the  point  where 
they  join  the  muscular  fibres.  If  the  trunk  of  the  sciatic  Qerre, 
for  examiple,  be  oxposetl  to  the  influence  of  the  poison,  while  its 
terminal  ramifications  are  protected  from  it  by  a  ligature  of  the 
bloodvessels,*  galvanization  of  the  nerve  above  the  ligature  will 
still  produce  contraction  in  the  muscles  below.  Bernard*  has  shown 
this  peculiarity  in  the  action  of  woorara  on  the  motor  nerves  by  a 
still  more  striking  experiment.     He  prepared  two  gastrocnemii 

>  Le<^Q9  Bur  la  pbyiiiologie  du  ayatimo  nerreux.     Pm-ib,  1868,  toI.  L  p.  199. 

»  Vulplttn.  8y9«brae  n^rveus.     Paris.  iHfif?.  p.  20B. 

*  SitbiUaccB  loii<|uea  et  m^dicamcDteuees.     Paru.  1857,  p.  329. 
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!es  of  the  frog,  each  one  having  about  an  inch  of  its  nervous 
trunk  attuched.  In  one,  the  exposed  portion  of  the  nervii  is  im- 
mersed for  some  time  in  a  watch-glass  ooutainingaa  aqueous  solu- 
tion of  woorara;  and  not  withstand  iiig  the  direct  contact  of  the 
poison  with  the  nervous  trunk,  galvanization  of  the  nerve  at  this 
point  still  causes  a  muscular  contraction  in  the  gastrocnemius.  In 
the  other,  the  muscle  itself  is  immersed  in  the  solution  of  woorara, 
and  the  nerve  is  then  found  to  have  lost  all  signs  of  irritability. 
As  we  know  that  the  muscles  themselves  are  not  aftccted  by  woo- 
rara, it  is  evident  that  the  influence  of  the  poison  is  exerted  upon 
the  terminal  portion  of  the  nervous  filaments. 

It  will  be  recollected,  on  the  other  hand,  that  in  cases  of  death 
from  the  action  of  sulphocyanide  of  potassium,  the  muscular  irri- 
tability is  itself  destroyed;  so  that  no  contraction.-i  occur,  even  when 
the  galvanic  discharge  is  made  to  traverse  the  muscular  tissue. 

There  are,  therefore,  two  kinds  of  paralysis:  first,  a  muscular 

paralysis,  in  which  the    muscular  fibres    themselves  are  directly 

I  afl'ected;  and  second,  a  nervous  paralysis,  in  which  the  affection  is 

confined  to  the  nervous  filaments,  the  muscles  retaining  their  natural 

properties,  and  being  still  capable  of  contracting  under  the  influence 

^^  ft  direct  stimnln*. 

^^Hapitiity  of  the  Nervoua  Force. — Some   \QTy  ingenious  expen- 
'  tticnts  have  been  performed  by  Helmholtz,'  in  order  to  determine 
the  rapidity  with  which  a  stimulus  is  transmitted   through  the 
i  nervous  fibre.     These  experiments  not  only  show  that  a  certain 
I  interval  of  time  is  required  for  this  transmission,  but  indicate  also 
in  an  approximate  manner  the  ineasurenicnt  of  its  rapidity  for  dif- 
ferent distances.     Uelmholtz   expo.sed  the   muscle  of  a  recently 
I  killed  animal  with  the  nerve  attached.     He  first  passed  an  electric 
'  discharge  through  the  mu.scle  itself,  and  found  that  only  ^^^  of  a 
I  second  intervened  between  the  electric  discharge  and  the  muscular 
contraction.     He  then  applied  the  electric  stimulus  to  the  nerve 
)  in  the  immediate  neighborhood  of  the  muscle,  and  found  that  the 
previous  interval  was  not  perceptibly  increased.     But  if  the  poles 
of  the  battery  were  applied  to  the  nerve  at  various  distances  from 
the  muscle,  the  interval  between  the  electric  discharge  and  the 
muscular  contraction  became  longer,  as  the  length  of  the  nervous 
branch  transmitting  the  impulse  was  increased.     Helmholtz  ascer- 
tained in  this  way  that  the  rapidity  of  transmission  of  the  motor 
ipulse  in  the  nerves  of  the  frog  was  a  little  over  eighty-five  feet 

'  Complea  Ilcn<lu«  tie  I'.loAJ^ie  <1>m  SoieuoM.     Vol.  xxxiii.  p.  262. 
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per  second.  Similar  investigations  were  subsequently  carried  ont 
by  Baxt,  ia  the  laboratory  of  Holinholtz,  in  order  to  determiae  the 
rate  of  transmission  of  the  motor  nervous  influence  in  znan.'  Thii 
was  done  by  jiassing  a  galvanic  discharge  between  two  elec- 
trodes placed  directly  above  the  nerve  at  varying  distauces  from 
the  muscles  to  which  its  filaments  were  distributed.  Thus  the 
galvanic  stimulus  was  applied  to  the  median  nerve  at  the  wrist, 
at  the  elbow,  and  at  tlie  upper  arm  near  the  lower  extremities  of  ibd 
conico-brachialis  and  deltoid  muscles ;  and  the  eft'ect  of  the  atinh 
ulation  was  marked  by  the  contraction  of  the  muscles  of  the  ball 
of  the  thumb.  By  accurate  measurement  it  was  found  that  the 
interval  of  time  between  the  galvanic  discharge  and  the  muscular 
contraction  was  greater  when  the  stimulus  was  applied  to  the  tierve 
at  the  upper  arm,  than  when  applied  at  the  wrist;  this  increased 
interval  being  evidently  the  time  required  for  the  propagation  of 
the  nervous  impulse  from  one  point  to  the  other.  The  rapidity 
of  transmission,  as  ascertained  by  these  experiments,  was  found  to 
vary  considerably  according  to  the  varying  conditions  of  cold  and 
warmth  ;  the  lowest  rate  of  transmission  in  the  median  nerve,  from 
the  middle  of  the  upper  arrn  to  the  wrist,  being  a  little  over  one 
hundred  feet  per  second,  the  highest  two  hundred  and  ninety-three 
feet.  The  average  rate,  as  deduced  from  the  entire  aeries,  cannot 
be  estimated  at  less  than  two  hundred  feet  per  second. 

If  we  regard  this  as  representing  the  usual  rate  of  transuiiatiioa 
in  the  human  motor  nerves,  aad  if  we  estimate  the  distance  from 
the  origin  of  the  motor  filaments  in  the  brain  to  their  termination 
in  the  muscles  of  the  foot  as  five  feet,  the  time  required  to  tran** 
mit  the  nervous  impulse  from  the  brain  to  these  muscles  would  be 
one-fortieth  of  a  second. 

Nature  nf  the  Nervous  Force. — The  special  endowment  by  wbioh! 
a  nerve  acts  and  manifests  its  vitality  is  a  peculiar  one,  inherent  in 
the  anatomical  structure  and  constitution  of  the  nervous  tissue.  It 
manifested,  in  the  foregoing  experiments,  by  its  elTect  upon  the  con 
tractile  muscles.  But  wo  shall  hereafter  see  that  this  is,  in  reality, 
only  one  of  its  results,  and  that  it  shows  itself,  during  life,  by  a 
variety  of  other  influences.  Thus  it  produces,  in  one  case,  sensa^ 
tion;  in  another,  muscular  contraction;  in  another,  increased  or 
modified  glandular  activity;  in  another,  alterations  in  the  pheno* 
mena  of  the  circulation.     The  force,  however,  which  ia  exerted  by 

I  Monalabericht  der  KonigUcheiiPrflUMiachen  AcAd«mie.  April,  18CT.  and  Mftreb, 
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a  nerve  in  a  state  of  activity,  and  which  brings  about  these  changes, 
is  not  directly  appreciable  in  any  way  by  the  senses,  and  can  be 
jadged  of  only  by  its  secondary  efifects.  We  understand  enough 
of  its  mode  of  operation,  to  know  that  it  is  not  identical  with  the 
forces  of  chemical  affinity,  of  mechanical  action,  or  of  electricity. 

And  yet,  by  acting  upon  the  organs  to  which  the  nerves  are 
distributed,  it  will  finally  produce  phenomena  of  all  these  different 
kinds.  By  the  intervention  of  the  muscles,  it  results  in  mechanical 
action ;  and  by  its  influence  upon  the  glands  and  bloodvessels,  it 
causes  chemical  alterations  in  the  animal  fluids  of  the  most  import- 
ant character. 

It  will  even  produce  well-marked  electrical  phenomena,  which 
in  some  cases  are  so  decided,  as  to  have  long  attracted  the  attention 
c^  physiologists. 

It  has  been  fully  demonstrated  that  certain  fish  (gymnotus  and 
torpedo)  have  the  power  of  generating  electricity,  and  of  producing 
electric  discharges,  which  are  often  sufficiently  powerful  to  kill 
small  animals  that  may  come  within  their  reach.  That  the  force 
generated  by  these  animals  is  in  reality  electricity,  is  beyond  a 
doubt.  It  is  conducted  by  the  same  bodies  which  serve  as  con- 
ductors for  electricity,  and  is  stopped  by  those  which  are  non-con- 
ductors of  the  same.  All  the  ordinary  phenomena  produced  bj^ 
the  electric  current,  viz:  the  heating  and  melting  of  a  fine  con- 
ducting wire,  the  induction  Of  secondary  currents  and  of  magnetism, 
the  decomposition  of  saline  solutions,  and  even  the  electric  spark 
have  all  been  produced  by  the  force  generated  by  these  animals. 
There  is,  accordingly,  no  room  for  doubt  as  to  its  nature. 

The  electrical  phenomena,  in  these  cases,  are  produced  by  certain 
organs  which  are  called  into  activity  by  the  nervous  influence. 

The  electrical  organs  of  the  gymnotus  and  torpedo  occupy  a  con- 
siderable portion  of  the  body,  and  are  largely  supplied  with  nerves 
which  r^ulate  their  function.  If  these  nerves  be  divided,  tied,  or 
injured  in  any  way,  the  electrical  organ  is  weakened  or  paralyzed, 
just  as  the  muscles  would  suffer  if  the  nerves  distributed  to  them 
were  subjected  to  a  similar  violence.  The  electricity  produced  by 
these  animals,  accordingly,  is  not  supplied  by  the  nerves,  but  by  a 
special  generating  organ,  the  action  of  which  is  regulated  by  nerv> 
ons  influence. 
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CHAPTER    III. 

THE    SPINAL    CORD. 

Wk  have  already  seen  that  the  spinal  cord  is  a  long  ganglion, 
covered  with  longitudinal  bundles  of  nervous  filaments,  and  occu- 
pying the  cavity  of  the  ispinal  canal.  It  Bends  out  nervea  irWch 
supply  the  muscles  and  integument  of  at  least  nirie-tenihs  of  ik 
whole  body,  viz.,  tho.se  of  the  neck,  trunk,  and  extremities.  All 
these  parts  of  the  body  are  endowed  with  two  very  remarkable 
properties,  the  exerci.se  of  which  depends,  directly  or  indirectly 
upon  the  integrity  and  activity  of  the  spinal  cord,  viz.,  the  pov'cr 
of  sensntion  and  the  power  of  motion.  Both  these  properties  tn 
said  to  reside  in  the  nervous  sy.stem,  because  they  are  so  readilr 
iullueneed  by  its  condition,  and  are  so  closely  connected  with  it* 
physiological  action.  We  shall  theref«>re  commence  the  study  of 
the  spinal  cord  with  an  examination  of  these  two  functions,  and  of 
the  situation  whirih  they  occupy  in  the  nervous  system. 

Sexsation. — The  power  of  sensation,  or  »ensibiKty,  is  (ho  power 
by  which  we  are  enabled  to  receive  impressions  from  exlemil 
objects.  These  impressions  are  usually  of  such  a  nature  that« 
can  derive  from  them  some  information  in  regard  to  the  qualities 
of  external  objects  and  the  effect  which  they  ma^'  produce  apoft 
our  own  systems.  Thus,  by  bringing  a  foreign  body  into  contact 
with  the  skin,  we  feel  that  it  is  hard  or  soft,  rough  or  smooth,  ooW 
or  warm.  We  can  distinguish  the  separate  impressions  prodoood 
by  several  bodies  of  a  .similar  character,  and  we  can  perceive  whe- 
ther either  one  of  them,  while  in  contact  with  the  skin,  be  at  rest 
or  in  motion.  This  power,  which  is  generally  distributed  over  the 
external  integument,  is  dependent  on  the  nervous  filameots  nuni- 
fving  in  its  tissue.  For  if  the  nervea  distributed  to  any  part  of  tha 
bo<ly  be  divided,  the  power  of  sensation  in  the  corresponding 
is  immediately  lost. 
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sensibility,  thus  distributeci  over  the  integument,  varies  in 
its  acuteness  in  different  parts  of  the  body.  Thus,  the  extremities 
of  the  fingers  are  more  sensitive  to  external  impressions  than  the 
general  surface  of  the  limbs  and  trunk.  The  surfaces  of  the  fingers 
which  lie  in  contact  with  each  other  are  more  sensitive  than  their 
dorsal  or  palmar  surfaces.  The  point  of  the  tongue,  the  lips,  and 
the  orifices  of  most  of  the  mucous  passages  are  endowed  with  a 
sensibility  which  is  more  acute  than  that  of  the  general  integument. 
If  the  impression  to  which  these  parts  are  subjected  be  harsli  or 
violent  in  its  character,  or  of  such  a  nature  as  to  injure  the  texture 
of  the  integument  or  its  nerves,  it  then  produces  a  sensation  o^  pain. 
It  is  ess»ential  to  notice,  however,  that  the  sensation  of  puin  is  not 
a  mere  exaggeration  of  ordinary  sensitive  impressions,  but  is  one 
of  quite  a  difterent  character,  which  is  superadded  to  the  others,  or 
takes  their  place  altogether.  Just  in  proportion  as  the  contact  of  a 
foreign  body  becomes  paintul,  our  ordinary  perceptions  of  its  phy- 
sical properties  arc  blunted,  and  the  sense  of  suffering  predominates 
over  ordinary  sensibility.  Thus  if  the  integument  be  gently  t<iuehed 
with  the  blade  of  a  knife  we  easily  feel  that  it  is  hard,  cold,  and 
smooth;  but  if  an  incision  be  made  with  it  in  the  skin,  we  lose  all 
distinct  perception  of  these  qualities,  and  feel  only  the  snftering 
produced  by  the  incision.  We  perceive,  also,  the  difference  in 
temperature  between  cold  and  warm  substances  brought  in  contact 
with  the  skin,  so  long  as  this  difference  is  moderate  in  degree ;  but 
if  a  foreign  body  be  excessively  cold  or  excessively  hot,  we  can 
no  longer  appreciate  its  temperature  by  the  touch,  but  only  its 
injurious  and  destructive  effect.  Thus  the  sensation  caused  by 
touching  frozen  carbonic  acid  is  the  same  with  that  produced  by  a 
red-hot  metal.  Both  substances  blister  the  surface,  but  their  actual 
temperatures  cannot  be  distinguished. 

kt  is,  therefore,  a  very  important  fact  in  this  connection,  that  the 
tiiiility  to  pain  is  distinct  from  (he  power  of  ordinary  sensation.  T  his 
distinction  was  first  fully  established  by  M.  Beau,  of  Paris,  who  has 
shown  conclusively  that  the  sensibility  to  pain  may  be  diminished 
or  suspended,  while  ordinary  sensation  remains.  This  is  often  seen 
in  patients  who  are  partially  under  the  influence  of  ether  or  chlo- 
roform. The  etherization  may  be  carried  to  such  an  extent  that 
ibe  patient  may  be  quite  insensible  to  the  pain  of  a  surgical  opera- 
tion, and  yet  remain  perfectly  conscious,  and  even  capable  of  feeling 
the  incisions,  ligatures,  &c.,  though  he  does  not  suffer  from  them. 
It  not  unfrequently  happens,  also,  when  opium  has  been  adminis- 
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tered  for  the  relief  of  neuralgia,  that  the  pain  is  completely  abolished 
by  the  iuflueace  of  the  drug,  while  the  patient  retains  completelr 
his  consciousness  and  his  ordinary  sensibility. 

In  all  cases,  however,  if  the  influence  of  the  narcotic  be  pusbed 
to  its  extreme,  both  kinds  of  sensibility  are  suspended  together,  and 
the  patient  becomes  entirely  unconscious  of  external  impressions 


V. 


Motion. — Wherever  muscular  tissue  exists,  in  any  part  of  Uw 
body,  we  find  the  power  of  motion,  owing  to  the  contractilitj  ol' 
the  muscular  fibres.  But  this  power  of  motion,  as  we  have  alreadj 
seen,  is  dependent  on  the  nervous  system.  The  excitement  which 
causes  the  contraction  of  the  muscles  is  transmitted  to  them  by  the 
nervous  filaments  ;  and  if  the  nerve  supplying  a  muscle  or  a  limb 
be  divided  or  seriously  injured,  these  parts  are  at  once  paralyzed 
and  become  incapable  of  voluntary  movement.  A  nerve  which, 
when  irritated,  acts  directly  upon  a  muaole,  producing  contractioo, 
is  said  to  be  eaxiiable;  and  its  excitability,  acting  through  the  mas* 
cle,  produces  Tnotion  in  the  part  to  which  it  is  distributed. 

The  excitability  of  various  nerves,  however,  often  acts  doring 
life  upon  other  organs,  beside  the  muscles;  and  the  ultimate  effect 
varies^  of  course,  with  the  properties  of  the  organ  which  is  acted 
upon.  Thus,  the  nervous  excitement  transmitted  to  a  muscle  pro 
daces  contraction,  while  that  transmitted  to  a  gland  produces  an 
iucreased  secretion,  and  that  conveyed  to  a  vascular  surface  caase* 
congestion.  In  all  such  instances,  the  effect  is  produced  by  ao 
influence  transmitted  by  the  nerve  directly  to  the  organ  which  ii 
called  into  activity. 

But  in  all  the  external  parts  of  the  body  muscular  contraction 
is  the  most  marked  and  palpable  eftect  produced  by  the  direct 
inhuence  of  nervous  excitement.  We  find,  therefore,  that  flo  tar 
as  we  have  yet  examined  it,  the  nervous  action  shows  itself  princi- 
pally in  two  di.stinct  and  definite  forms;  first,  as  senaibility,  or  iho 
power  of  sensation,  and  second,  as  excitability  or  the  power  of  pn)* 
ducing  motion. 


DisTixcT  Seat  of  Sensation'  and  Motion  in  the  Ner^ 
System. — Sensation  and  motion  are  usually  the  first  function* 
which  suffer  by  any  injury  inflicted  on  the  nervous  system.  A>* 
general  rule,  they  are  both  suspendetl  or  impaired  at  the  sametimA 
and  in  a  nearly  equal  degree.  In  a  fainting  fit,  an  attack  of  apo- 
plexy, concussion  or  compression  of  the  brain  or  spinal  cord,  or » 
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roond  of  any  kind  involving  the  nerves  or  nervous  centres,  iusen- 
Ibility  and  loss  of  motion  usually  appear  simultaneously.  It  is 
iffioult,  therefore,  under  ordinary  conditions,  to  trace  out  the 
sparate  action  of  these  two  functions,  or  to  ascertain  the  precise 
itnation  occupied  by  each. 

This  difficulty,  however,  may  be  removed  by  examining  sepa- 
Btely  different  parts  of  the  nervous  system.  In  the  instances 
lentioned  above,  the  injury  which  is  inflicted  is  comparatively  an 
xtensive  one,  and  involves  at  the  same  time  many  adjacent  parts. 
(nt  instances  sometimes  occur  in  which  the  two  functions,  sensa- 
ion  and  motion,  are  affected  independently  of  each  other,  owing  to 
be  peculiar  character  and  situation  of  the  injury  inflicted.  Sensa- 
Ipn  may  be  impaired  without  loss  of  motion,  and  loss  of  motion 
lay  occur  without  injury  to  sensation.  Jn  tic  douloureux,  for 
xample,  we  have  an  exceedingly  painful  affection  of  the  sensitive 
arts  of  the  fece,  without  any  impairment  of  its  power  of  motion*, 
nd  in  &cial  paralysis  we  often  see  a  complete  loss  of  motion  affect- 
ag  one  side  of  the  face,  while  the  sensibility  of  the  part  remains 
Itogether  unimpaired. 

The  above  facts  first  gave  rise  to  the  belief  that  sensation  and 
notion  might  occupy  distinct  parts  of  the  nervous  system ;  since  it 
roold  otherwise  be  difficult  to  understand  how  the  two  could  be 
flfocted  independently  of  each  other  by  anatomical  lesions.  It  has 
ooordingly  been  fully  established  by  the  labors  of  Sir  Charles  Bell, 
Eagendie,  Miiller,  Paniz2sa,  and  Longet,  that  the  two  functions  do  in 
oaUtj  occupy  distinct  parts  jof  the  nervous  system. 

If  any  one  of  the  spinal  nerves,  in  the  living  animal,  after  being 
KpoBed  at  any  part  of  its  course  outside  the  spinal  canal,  be  divided, 
gatnred,  bruised,  or  otherwise  seriously  injured,  paralysis  of  motion 
ad  loss  of  sensation  are  immediately  produced  in  that  part  of  the 
ody  to  which  the  nerve  is  distributed.  If,  on  the  other  hand,  the 
une  nerve  be  pricked,  galvani2sed,  or  otherwise  gently  irritated,  a 
ainfhl  sensation  and  convulsive  movements  are  produced  in  the 
line  parts.  The  nerve  is  therefore  said  to  be  both  sensitive  and 
veitable;  sensitive,  because  irritation  of  its  fibres  produces  a  pain- 
il  sensation,  and  excitable,  because  the  same  irritation  causes  mus- 
alar  contraction  in  the  parts  below. 

The  result  of  the  experiment,  however,  will  be  different  if  it  be 
riad  upon  the  parts  situated  inside  the  spinal  canal,  and  particularly 
pon  the  anterior  and  posterior  roots  of  the  spinal  nerves.  If  an 
'ritotion  be  applied,  for  example,  to  the  anterior  root  of  a  spinal 
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nerve  in  tlie  living  animal,  convulsive  movements  are  produced  in 
the  parts  below,  but  there  is  no  painful  sensation.  The  anterior 
root  accordingly  is  said  to  be  excitable,  but  not  sensitive.  If  the 
posterior  root,  on  the  other  hand,  be  irritated,  acute  pain  is  pro- 
duced, but  no  convulsive  movements.  The  posterior  root  is  there- 
fore sensitive,  but  not  e.xcitable. 

The  above  facts  show  the  different  properties  manifested  by  tiie 
two  roots  of  a  spinal  nerve,  when  subjected  to  artificial  imu- 
tion.  Still  more  important  results,  as  showing  what  are  actually 
the  natural  functions  of  the  parts,  are  derived  from  the  experiment 
of  dividing  separately  each  of  the  two  roots  and  observing  the 
effect  upon  the  parts  below.  These  experiments,  first  performed 
by  Magendie '  in  1822,  have  been  frequently  repeated  since,  aad 
their  results  fully  confirmed.  If  the  posterior  root  of  a  spiiul 
nerve,  in  the  living  animal,  be  divided  by  a  transverse  sectioo,  {u 
in  Fig.  146,  a,  b,)  witliout  injuring  the  anterior  root,  it  is  found  th»l 
the  sensibility  of  the  integument,  in  the  corresponding  part  of  the 
body,  has  disappeared,  while  the  power  of  voluntary  motion  re- 
mains unimpaired  in  the  muscles  of  the  same  region.  On  the  other 
hand,  if  the  anterior  root  be  ahme  divided  (Fig.  146,  c,  d),  leaving  the 
posterior  untouched,  the  power  of  voluntary  motion  is  abolished 
in  the  corresponding  musclesj  but  at  the  same  time  the  skin  retains 
its  sensibility. 

Thus  it  is  evident  that  the  impressions  of  sensibility  pass  to  the 
nervous  centres  exclusively  by  the  posterior  roots,  while  the  stim- 
ulus which  excites  the  muscles  to  contraction  is  conveyed  only  by  the 
anterior  roots.  We  have  therefore  a  separate  localization  of  sensa- 
tion and  motion  in  this  part  of  the  nervous  system  ;  and  it  is  aw/ 
accordingly  to  understand  how  one  may  be  impaired  without  in- 
jury to  the  other,  or  how  both  may  be  simultaneously  affucwl 
according  to  the  situation  and  extent  of  the  anatomical  lesion. 

In  the  two  roots  of  a  spinal  nerve,  furthermore,  the  nerroa* 
action  is  manifested  in  two  opposite  directions.  If  the  posterior 
root  be  divided  (Fig.  146)  at  a,  b,  and  an  irritation  applied  lothe 
separated  extremity  (a),  no  effect  will  be  produced,  because  the  nervfi 
at  this  point  is  cut  off  frt>m  its  communication  with  the  nerrou 
centres;  but  if  the  irritation  be  applied  to  the  attached  extremity 
(b),  a  painful  sensation  is  immediately  the  result.  The  nervOM 
action,  therefore,  in  the  posterior  root,  is  manifested  in  a  direclioo 
from  without  inward.     If  the  anterior  root,  on  the  other  band,  be 

*  Journal  d«  Physiologic  Exp^rimentale,  toI.  ii.  p.  276. 
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laed  at  c,  d,  and  its  attaclied  extremity  {d}  be  irritated,  no  effect 
ows,  because  the  nervous  filaments  here  are  uo  longer  m  com- 
nication  with  the  muscles ;  but  if  the  separated  extremity  (c) 

Fig.  14(j. 


of  BriSAt  Cofto  ADD  NaiTsa.    TLie  ptxleriur  root  ii  ic«it  diTidnl  at  •,  ft,  tb«  utarlor 


irritated,  convulsive  movements  instantly  take  place.  The 
Kpus  action,  ctirisequently,  passes,  in  the  anterior  root,  in  a  direc- 
rrrom  within  outward. 

The  same  thing  is  true  with  regard  to  the  transmission  of  sensa- 
a  and  motion  in  the  spinal  nerves  outside  the  spinal  canal.  If 
»  of  these  nerves  be  divided  in  the  living  animal,  and  iti  attached 
iremity  irritated,  pain  is  produced,  but  no  convulsive  motion ; 
■b  irritation  be  applied  to  its  separated  extremity,  muscular 
[fractions  follow,  but  no  painful  sensation. 

Sere  are  therefore  in  the  spinal  nerves,  as  elsewhere,  two  seta 
TV0U3  filaments  adapted  to  the  performance  of  two  different 
tctions;  viz.,  the  "sensitive"  filaments,  or  those  which  convey 
^tion,  and  the  "  motor  "  filaments,  or  those  which  excite  move- 
K  In  the  roots  of  the  spinal  nerves  these  two  sets  of  fibres 
I  separated  from  each  other,  the  anterior  root  being  exclusively 
>lor,  and  the  posterior  exclusively  sensitive.  At  the  point  of 
action,  however,  of  the  two  roots,  the  spinal  nerve,  as  it  emerges 
ft  the  spinal  canal,  contains  both  motor  and  sensitive  fibres  in- 
Ktely  mingled  in  a  common  trunk.  It  is  therefore  called  a 
xed  nerve,  serving  at  the  same  time,  by  the  two  sets  of  fibres 
it  contains,  for  the  conveyance  of  both  sensibility  and  motive 
At  the  periphery  the  two  sets  of  filaments  again  separate, 
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the  sensitive  fibres  passing  to  the  integument,  and  the  motor  nbrea 
10  the  muscles. 


i 

i 


Distinct  Seat  of  Sensibility  and  Excitability  in  tsi 
Spinal  Cord. —  Various  experimenters  have  demonstrated  the fiwt 
that  different  parts  of  the  spinal  cord,  like  the  two  roota  of  die 
spinal  nerves,  are  separately  endowed  with  sensibility  and  eiciui- 
bility.  The  anterior  columns  of  the  cord,  like  the  anterior  n»t$ 
of  the  spinal  nerves,  are  excitable  but  not  sensitive  ;  the  posterior 
columns,  like  the  posterior  roots  of  the  spinal  nerves,  are  sensitira 
but  not  excitable.  Accordingly,  when  the  spinal  canal  is  oi)ened 
in  the  living  animal,  an  irritation  applied  to  the  anterior  columna 
of  the  Cord  produces  immediately  convulsions  in  the  limbs  below; 
but  there  irf  no  indication  of  pain.  On  the  other  hand,  signs  of 
acute  pain  become  manifest  whenever  the  irritation  is  applie<i  to 
the  posterior  columns;  but  no  muscular  contractions  follow, other 
than  those  of  a  voluntary  or  reflex  character.  Longet  has  found' 
that  if  the  spinal  cord  be  exposed  in  the  lumbar  region  and  ocm- 
pletely  divided  at  that  part  by  transverse  section,  the  application 
of  any  irritant  to  the  anterior  surface  of  the  separated  portion  pro- 
duces convulsions  below ;  while  if  applied  to  the  posterior  colamni  J 
behind  the  point  of  division,  it  has  no  sensible  effect  whatevfT.  B 
The  anterior  and  posterior  columns  of  the  cord  are  accordingly,  so 
far,  analogou.9  in  their  properties  to  the  anterior  and  posterior  rooU 
of  the  spinal  nerves. 

The  route  through  which  motor  and  sensitive  iropulses  ut 
transmitted,  in  the  spinal  cord,  has  also  been  ascertained  with 
tolerable  success,  by  the  researches  of  Mageudie,  Longet,  Browti- 
Sequard,  and  Vulpian."     The  impulse  which  gives  rise  to  vol-B 

litted   bv   the   white   substance   of  the " 


untary    motion   is   transmi 


anterior  and  lateral  columns  ;  for  if  these  antero-lateral  columns 
be  divided  in  the  living  animal  by  a  transverse  section^  all  power 
of  voluntary  motion  is  abolished  in  the  parts  below.  The  stim- ■ 
ulus  to  sensation,  on  the  other  hand,  seems  to  traverse  the  deeper™ 
portions  of  the  cord  by  filaments  which  pass  through  the  grav 
substance.  For,  according  to  the  experiments  of  Brown-Sequard, 
confirmed  by  Vulpian  and  Philippeaux,'  sensibility  is  destroyed 
by  division  of  the  gray  substance  and  the  anterior  portions  of  thfi 
cord,  even  though  the  posterior  columns  be  left  untouched.    The 


•  TrnitiS  ile  Physiologic,  toL  ii.  part  "J,  p.  8. 
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;K>8terior  columns,  accordingly,  though  sensitive  to  artificial  irrita^ 
lion,  are  not  the  portions  through  which  sensitive  impressions 
ure  directly  conveyed  from  the  posterior  roots  of  the  nerves.  It 
is  possible  that  they  may  serve,  according  to  the  opinion  enter- 
taised  by  Yulpian,  as  longitudinal  commissures,  connecting  with 
Bach  other  different  portions  of  the  length  of  the  spinal  cord. 

An  irritation  accordingly,  applied  to  any  part  of  the  integument, 
is  conveyed,  along  the  sensitive  filaments  of  the  nerve  and  its 
posterior  root,  to  the  spinal  cord ;  then  upward,  along  the  commu' 
nicating  fibres  of  the  cord,  to  the  brain,  where  it  produces  a  sensa- 
tion corresponding  in  character  with  the  original  irritation.  A 
motor  impulse,  on  the  other  hand,  originating  in  the  brain,  is 
tnmsmitted  downward,  along  the  longitudinal  fibres  of  the  antero- 
lateral columns,  passes  outward  by  the  anterior  root  of  the  spinal 
nerve,  and,  following  the  motor  filaments  of  the  nerve  through  its 
tntnk  and  branches,  produces  at  last  a  muscular  contraction  at  the 
point  of  its  final  distribution. 

Cbossid  AcnoN  of  the  Spinal  Cobd. — ^As  the  anterior  col- 
umns of  the  cord  pass  upward  to  join  the  medulla  oblongata,  a 
decussation  takes  place  between  the  two  sides,  as  we  have  already 
mentioned,  at  the  level  of  thie  anterior  pyramids.  The  fibres  of 
the  right  lateral  column  pass  over  to  the  left  side  of  the  medulla 
oblongata,  and  so  upward  to  the  left  side  of  the  brain ;  while  the 
fibres  of  the  left  lateral  column  pass  over  to  the  right  side  of  the 
medulla  oblongata,  and  so  upward  to  the  right  side  of  the  brain. 
This  decussation  may  be  readily  shown  (as  in  Fig.  141)  by  gently 
separating  the  anterior  pyramids  from  each  other,  at  the  lower  ex- 
tremity of  the  medulla  oblongata,  where  the  decussating  bundles 
may  be  seen  crossing  obliquely  from  side  to  side,  at  the  bottom  of 
the  anterior  median  fissure.  Below  this  point,  the  anterior  col- 
umns remain  distinct  from  each  other  so  far  as  regards  any  exter- 
nal decussation ;  but  there  is  still  reason  for  believing  that  their 
fibres  continue  to  cross  from  side  to  side,  in  the  anterior  commis- 
sary throughout  the  cervical  portion  of  the  spinal  cord. 

l%e  final  result  of  this  interchange  is  a  complete  decussation  of 
the  motor  fibres,  and  a  crossed  action  of  the  spinal  cord,  as  a 
medium  of  communication  for  motor  impulses.    Apoplexy,  soft- 
ening, or  mechanical  injury,  on  the  right  side  of  the  brain,  will  pro- 
27 
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duce  paralysis  of  the  left  side  of  the  body;  and  injury  of  the! 
side  of  tho  brain  will  be  followed  by  paralysis  of  the  right  sid 
of  the  body.  If  the  seat  of  the  injury,  on  the  other  hand,  be  lowei 
down,  at  the  level  of  the  medulla  oblongata,  or  at  any  point  where 
the  crossing  of  the  fibres  is  taking  place,  it  will  cause  a  partial 
paralysis,  on  both  the  same  and  opposite  sides  of  the  body; 
while  if  it  be  seated  in  one  lateral  half  of  tlie  cord,  below  the 
level  of  complete  decussation,  the  paralysis  which  results  will  be 
manifested  only  on  the  corresponding  side  of  the  body. 

If  the  anterior  columns  of  the  spinal  cord,  therefore,  be  woooded 
at  any  point  in  the  dorsal  or  lumbar  region,  a  paralyifli 
of  voluntary  motion  is  produced  in  the  limbs  below,  on  tbeRune 
side  with  the  injury.  But  if  a  similar  lesion  occur  in  the  brain,  the 
paralysis  which  results  is  on  tlic  opposite  side  of  the  body.  Tiw 
it  has  long  been  known  that  an  abscess  or  an  apoplectic  heraorrhigo 
on  the  right  side  of  the  brain  will  produce  paralysis  of  the  left  side 
of  the  body;  and  injury  of  the  left  side  of  the  brain  will  be  fol- 
lowed by  paralysis  of  the  right  side  of  the  botly. 

The  spinal  cord  has  also  a  crossed  action  in  transmitting  sensi- 
tive as  well  as  motor  impulses.  It  has  been  demonstrated  by  Pr- 
Brown -Sequard,'  that  the  crossing  of  the  sensitive  fibres  in  ibe 
spinal  cord  does  not  take  place,  like  that  of  the  motor  fibre.%  at  tti 
upper  portion  only,  but  throughout  its  entire  length  ;  so  that  \i* 
sensitive  fibres  of  the  right  spinal  nerves,  very  soon  after  iheif 
entrance  into  the  cord,  pass  over  to  the  left  side,  and  those  of  tU 
left  spinal  nerves  pass  over  to  the  right  side.  For  if  one  lateral  half 
of  the  spinal  cord  of  a  dog  be  divided  in  the  dorsal  region,  ll* 
power  of  sensation  remains  upon  the  corresponding  side  of  llic  hoij, 
but  is  lost  upon  the  opposite  side.  It  has  been  shown,  furthermonj, 
by  the  same  observer,*  that  the  sensitive  fibres  of  the  spinal  ncrre^ 
when  they  first  enter  the  cord,  join  the  posterior  columns,  which 
are  everywhere  extremely  sensitive ;  but  that  they  very  soon  loaW 
the  posterior  columns,  and,  passing  through  the  central  parts  of  th* 
gray  matter,  reach  the  opposite  side  of  the  spinal  cord.  If  the  pos- 
terior columns,  accordingly,  be  alone  divided  at  any  part  of  tbft 
cord,  sensibility  is  not  destroyed  in  all  the  nerves  behind  tbo 
of  injury,  but  only  in  those  which  enter  the  cord  at  the  point 

*  Expertmental  Reseapcbes*pplipd  to  Physiology  and  Pathologj.  NewTork,  IK*" 

*  Memoirs  tur  la  Pbysiologie  de  la  Aloelle  <piai^r«;   0»tett«  M^dicalo  dc  Ptfi** 
1855. 
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i;  since  the  posterior  columns  consist  of  different  nervous 
nts,  joining  them  constantly  on  one  side  from  below,  and 
g  them  on  the  other  to  pass  upward  toward  the  brain. 
$re  are  certain  important  facts  which  still  remain  to  be  noticed 
ling  the  mode  of  action  of  the  spinal  cord  and  its  nerves, 
are  as  follows : — 

An  trritoUion  applied  to  a  spinal  nerve  at  the  middle  of  its  course 
aes  the  same  effect  as  if  it  traversed  its  entire  length.  Thus,  if  the 
i  or  median  nerve  be  irritated  at  any  part  of  its  course,  con- 
m  is  produced  in  the  muscles  to  which  these  nerves  are  dis- 
ed,  just  as  if  the  impulse  had  originated  as  usual  from  the 
This  fact  depends  upon  the  character  of  the  nervous  fila- 
^  as  simple  conductors.  Wherever  the  impulse  may  originate, 
lal  e£fect  is  manifested  only  at  the  termination  of  the  nerve, 
e  impulse  in  the  motor  nerves  travels  always  in  an  outward 
ion,  the  effect  is  always  produced  at  the  muscular  termination 
i  filaments,  no  matter  how  small  or  how  large  a  portion  of 
length  may  have  been  engaged  in  transmitting  the  stimulus, 
the  irritation,  again,  be  applied  to  a  sensitive  nerve  in  the 
e  of  its  course,  the  painful  sensation  is  felt,  not  at  the  point 
I  nerve  directly  irritated,  but  in  that  portion  of  the  integument 
ich  its  filaments  are  distributed.  Thus,  if  the  ulnar  nerve  be 
mtally  struck  at  the  point  where  it  lies  behind  the  inner  con- 
>f  the  humerus,  a  sensation  of  tingling  and  numbness  is  pro- 
[  in  the  last  two  fingers  of  the  corresponding  hand.  It  is 
ton  to  hear  patients  who  have  suffered  amputation  complain  of 
il  sensations  in  the  amputated  limb  for  weeks  or  months,  and 
imes  even  for  years  after  the  operation.  They  assert  that 
»n  feel  the  separated  parts  as  distinctly  as  if  they  were  still 
led  to  the  body.  This  sensation,  which  is  a  real  one  and  not 
vaa,  is  owing  to  some  irritation  operating  upon  the  divided 
nities  of  the  nerves  in  the  cicatrized  wound.  Such  an  irrita- 
conveyed  to  the  brain  by  the  sensitive  fibres,  will  produce 
ely  the  same  sensation  as  if  the  amputated  parts  were  still 
it^  and  the  irritation  actually  applied  to  them. 
IB  on  this  account  also  that  division  of  the  trifacial  nerve  is 
ways  effectual  for  the  cure  of  tic  douloureux.  If  the  cause  of 
ifficulty  be  seated  upon  the  trunk  of  the  nerve,  between  its 
of  emergence  from  the  bones  and  its  origin  in  the  brain,  it  is 
at  that  division  of  the  nerve  upon  the  &ce  will  be  of  no 
;  since  the  cause  of  irritation  will  still  exist  behind  the  point 
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of  section,  and  the  same  painful  sensations  will  still  be  prodoceii 
iLe  brain. 

2.  Tlie  irrtiability  of  the  motor  Jilaments  disappears  from  within  <>H^ 
ward,  tfiat  of  the  stnsilive  Jilaments  from  without  inward.   According 
to  the  researches  of  Longet,'  the  irritability  of  tlie  motor  fibres, 
an  animal  recently  killed,  ceases  to  manifest  itself  first  in  the  ceiv 
tral  and  after\vnrd  in  the  peripheral  portions;  disappearing  suo' 
cessively  in  the  anterior  columns  of  the  spinal  cord,  the  anierioTi 
roota  of  the  nerv^is,  the  nervous  trunks,  and  lastly  their  bmncba. 
and  ramifications.     Thus  immediately  after  the  separation  of  ll 
frog's  leg  from  the  body,  irritation  of  the  nerve  at  any  point  pro- 
duces muscular  contraction  in  the  limb  below.     As  time  elapss* 
however,  and  the  irritability  of  the  nerve  dimiuiabes,  the  galvtoic 
current,  in  order  to  produce  contraction,  must  be  applied  at  a  poinl 
nearer  its  termination.     Subsequently,  the  irritability  of  the  aem 
is  entirely  lost  in  its  upper  portions,  but  is  retained  in  the  ptft« 
situated  lower  down,  from  which  ahso,  in  turn,  it  afterward  di»p- 
pears;  receding  in  this  manner  farther  and  forther  towanl  the  ter- 
minal distribution  of  the  nerve,  where  it  finally  disappears  alio 
gether. 

On  the  other  hand  the  signs  of  irritability  in  the  sensitive  ner«» 
disappear  first  at  their  extremities.  This  fact,  established  by  both 
Longet  and  Bernard,*  and  confirmed  by  mo3t  other  observers,  show* 
that  sensibility  at  the  time  of  death  recedes  from  the  circamfereDOf 
toward  the  centre.  The  skin  may  have  already  become  insensible 
while  the  trunk  of  the  nerve  still  retains  its  sensibility;  and  sen- 
sibility continues  to  be  manifested  in  the  spinal  cord  after  it  ha*  J 
already  disappeared  from  the  nerve  itself.  1 

8.  Each  nervous  filament  acta  ijidapendently  of  the  rest  thT«ugh>^  it* 
entire  length,  and  does  not  communicate  its  irritation  to  thtse  which  ar 
in  proximity  with  it.  It  is  evident  that  this  is  true  with  regard  » 
the  nerves  of  sensation,  from  the  fact  that  if  the  inlegumeirt  bf 
touched  with  the  point  of  a  needle,  the  sensation  is  referrwl  to  that 
spot  alone.  Since  the  nervous  filaments  coming  from  it  and  tb< 
adjacent  parts  are  all  bound  together  in  parallel  bundlcsi.  to  fonn 
the  trunk  of  the  nerve,  if  any  irritation  were  communicated  from 
one  sensitive  filament  to  another,  the  sensation  prcKluced  would  i'-* 
indefinite  and  difiusedj  whereas  it  is  really  confined  to  the  spotirn- 

'  Physiologic,  toI.  il.  pari  2,  p.  62. 

*  Substances  Toxiqnes  et  M^  licAUienteusea,  p.  S90. 
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ited.  If  a  frog's  leg,  furthermore,  be  prepared,  with  the  sciatic 
erve  attached,  a  few  of  the  fibres  separated  laterally  from  the 
ervoua  trunk  for  a  portion  of  its  length,  and  the  poles  of  a  galvanig 
>attery  applied  to  the  separated  portion,  the  contractions  which 
>Ilow  in  the  leg  will  not  be  general,  but  will  be  confined  to  those 
loacles  in  which  the  galvanized  nervous  fibres  especially  have 
heir  distribution.  There  are  also  various  instances,  in  the  body, 
•f  antagonistic  muscles,  which  must  act.  independently  of  each 
nther,  bat  which  are  supplied  with  nerves  from  a  common  trunk. 
Phe  superior  and  inferior  straight  muscles  of  the  eyeball,  for 
ixample,  are  both  supplied  by  the  motor  oculi  communis  nerve. 
Sxtenaor  and  flexor  muscles,  as,  for  example,  those  of  the  fingers, 
ire  often  supplied  by  the  same  nerve,  and  yet  act  alternately  with- 
►at  mutual  interference.  It  is  easy  to  see  that  if  this  were  not  the 
ase^  confusion  would  constantly  arise,  both  in  the  perception  of 
ensations,  and  in  the  execution  of  movements. 

4.  There  are  certain  sensations  which  are  excited  simultaneously 
\j  the  same  causes,  and  which  are  termed  associated  sensations  ;  and 
here  are  also  certain  movements  which  take  place  simultaneously, 
kod  are  called  associated  movements.  In  the  former  instance,  one  of 
he  associated  sensations  is  called  up  immediately  upon  the  percep- 
ion  of  the  other,  without  requiring  any  direct  impulse  of  its  own. 
rhns;  tickling  the  soles  of  the  feet  produces  a  peculiar  sensation 
it  the  epigastrium.  Nausea  is  occasioned  by  certain  disagreeable 
dors,  or  by  rapid  rotation  of  the  body,  so  that  the  landscape  seems 
o  tnm  round.  A  striking  example  of  associated  movements,  on 
he  other  hand,  may  be  found  in  the  action  of  the  muscles  of  the 
ijeball.  The  eyeballs  always  accompany  each  other  in  their  lateral 
aotiona,  turning  to  the  right  or  the  left  side  simultaneously.  It  is 
ividenty  however,  that  in  producing  this  correspondence  of  motion, 
he  left  internal  rectus  muscle  must  contract  and  relax  together 
rith  the  right  external;  while  a  similar  harmony  of  action  must 
jdst  between  the  right  internal  and  the  left  external.  The  explana- 
ioti  of  snch  singular  correspondences  cannot  be  found  in  the  anato- 
mical arrangement  of  the  muscles  themselves,  nor  in  that  of  the 
firrous  filaments  by  which  they  are  directly  supplied,  but  must  be 
x>ked  for  in  some  special  endowment  of  the  nervous  centres  from 
rhich  they  originate. 
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Reflex  Action^  of  the  Spinal  Cord. — The  spinal  conJ,  m 
have  thus  far  exatninei,!  it,  maj  be  regarded  simply  aa  a  great  nerve; 
that  is,  as  a  bundle  of  motor  and  sensitive  filaments, 
the  muscles  and  integument  below  with  the  brain  above,  arfd 
assisting,  in  this  capacity,  in  the  production  of  conscious  acosatioa 
and  voluntary  motion.  Beside  its  nervous  filaments,  however^ 
contains  also  a  large  quantity  of  gray  matter,  and  is,  thercfc 
itself  a  ganglionic  centre,  and  capable  of  independent  action 
such.  We  shall  now  proceed  to  study  it  in  its  second  capacity, « 
a  distinct  nervous  centre. 

If  a  frog  be  decapitated,  and  the  body  allowed  to  remain  at  rest 
for  a  few  moments,  so  as  to  recover  from  the  depressing  effects  of 
shock  upon  the  nervous  system,  it  will  be  found  that,  although  mo- 
sation  and  consciousness  are  destroyed,  the  power  of  motion  rtill 
remains.  If  the  skin  of  one  of  the  feet  be  irritated  by  pinching  it 
with  a  pair  of  forceps,  the  leg  is  immediately  drawn  up  toward  tb« 
body,  as  if  to  escape  the  cause  of  irritation.  If  the  irritation  applied 
to  the  foot  be  of  slight  intensity,  the  corresponding  leg  only  will 
move;  but  if  it  be  more  severe  in  character,  motions  will  ufteabe 
produced  in  the  posterior  extremity  of  the  oppaiite  side,  and  even 
in  the  two  fore  legs,  at  the  same  time.  These  motions,  it  is  import- 
ant to  observe,  are  never  spontaneous.  The  decapitatetl  frog  rcmiina 
perfectly  quiescent  if  left  to  himself.  It  is  only  when  some  «»» 
of  irritation  is  applied  externally,  that  movements  occur  as  abow 
described. 

It  will  be  seen  that  the  character  of  these  phenomena  indicates 
the  active  operation  of  some  part  of  the  nervous  system,  and  par- 
ticularly of  some  ganglionic  centre.  The  irritation  is  applied  to 
the  skin  of  the  foot,  and  the  musclea  of  the  leg  contract  in  conse- 
quence; showing  evidently  the  intermediate  action  of  a  nervoM 
connection  between  the  two. 

The  effect  in  question  is  due  to  the  activity  of  the  spinal  ooH, 
operating  as  a  nervous  centre.  In  order  that  the  movements  roa* 
take  place  as  above,  it  is  essential  that  both  the  integument  an<l  ^ 
musclas  should  be  in  communication  with  the  spinal  cord  bTDerr* 
ous  filaments,  and  that  the  cord  itself  be  in  a  state  of  integrity.  I* 
the  sciatic  nerve  be  divided  in  the  upper  part  of  the  thigh,  irrilftli<* 
of  the  skin  below  is  no  longer  followed  by  any  muscular  conWfi^ 
tion.  If  either  the  anterior  or  posterior  roots  of  the  nenre  1« 
divided,  the  same  want  of  action  results ;  and  finally,  if,  the  nerva 
and  its  roots  remaining  entirei,  the  spinal  cord  itaelf  be  broken  up 
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a  needle  introduced  into  the  spinal 
canal,  the  integument  may  then  be 
irritated  or  mutilated  to  any  extent, 
without  exciting  the  least  niusfular 
contraction.  It  is  evident,  therefore, 
that  the  spinal  cord  acti»,  in  this  case, 
as  a  nervous  centre,  through  which 
the  irritation  applied  to  the  skin  is 
communicated  to  the  muscles.  The 
irritation  first  passes  upward,  as  shown 
in  the  accompanying  diagram  (Fig. 
147),  along  the  sensitive  fibres  of  the 
posterior  root  (a)  to  the  gray  matter 
of  the  cord,  and  is  then  reflected  back, 
along  the  motor  fibres  of  the  anterior 
root  (6).  until  it  finally  reaches  the  muscles,  and  produces  a  contrac- 
tion. This  action  ia  known,  accordingly,  as  the  reflex  action  of  Ike 
$pinal  cord. 

It  will  be  remembered  that  this  reflex  action  of  the  cord  ia  not 
accompanied    by  volition,  nor  even    by  any  conscious   sensation. 

The  function  of  the  spinal  cord  as  a  nervous  centre  is  simply  to 
convert  an  impression,  received  from  the  skiti,  into  a  motor  impulse 
which  ia  sent  out  again  to  the  muscles.  There  is  absolutely  no 
&rther  actioq  than  this  ;  no  exercise  of  will,  consciousness,  or  judg- 
ment. This  action  will  therefore  take  place  perfectly  well  after 
the  brain  has  been  removed,  and  after  the  entire  sympathetic  sys- 
tem has  also  been  taken  away,  provided  only  that  the  spinal  cord 
and  its  nerves  remain  in  a  state  of  integrity. 

The  existence  of  this  reflex  action  after  death  is  accordingly  aa 
evidence  of  the  continued  activity  of  the  spinal  cord,  just  as  con- 
tractility is  an  evidence  of  the  activity  of  the  muscles,  and  irrita- 
bility of  that  of  the  nerves.  Like  the  two  last-mentioned  properties, 
rIso,  it  continues  for  a  longer  time  after  death  in  cold-blooded  than 
in  warm-blooded  animals.  It  is  for  this  reason  that  frogs  and  other 
reptiles  are  the  most  useful  subjects  for  the  study  of  these  phen<v 
xnena,  as  for  that  of  most  others  belonging  to  the  nervous  system. 

The  irritability  of  the  spinal  cord,  as  manifested  by  its  reflex 
action,  may  be  very  much  exaggerated  by  certain  diseases,  and  by 
the  operation  of  poisonous  substances.  Tetanus  and  poisoning  bj 
Btrychnine  both  act  in  this  way,  by  heightening  the  irritability  of 
the  spinal  cord,  and  causing  it  to  produce  co!ivulsive  movements 
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on  the  application  oF  external  stimulus.  It  has  been  observed 
the  convulsions  in  tetanus  are  rarely,  if  ever,  spontaneous,  but 
they  always  require  to  be  excited  by  some  external  cause,  such 
the  accidental  movement  of  the  bedclothes,  the  shutting  of  a  door, 
or  the  sudden  passage  of  a  current  of  air.  Such  slight  cansis  of 
irritation,  which  would  be  entirely  inadequate  to  excite  involuntanr 
movements  in  the  healthy  condition,  act  uptin  the  spinal  cord,  vrhco 
its  irritability  is  heightened  by  disease,  in  such  a  manner  as  to  pro- 
duce violent  convulsions. 

Similar  appearances  are  to  Ije  seen  in  animals  poisoned  by  strrch- 
nine.  This  substance  acts  upon  the  spinal  cord  and  increaaee  its 
irritability,  without  materially  affecting  the  functions  of  the  brua 
Its  effects  will  show  themselves,  consequently,  without  essential 
ntiodification.  after  the  head  has  been  removed.  Tf  a  decapiutted 
frog  1)6  poisoned  with  a  moderate  dose  of  strychnine,  the  body  ud 
limbs  will  remain  quiescent  so  long  as  there  is  no  external  source 
of  excitement ;  but  the  limbs  are  at  once  thrown  into  convalsioM 
by  the  slightest  irritation  applied  to  the  skin,  as,  for  example,  tbe 
contact  of  a  hair  or  a  feather,  or  even  the  jarring  of  the  table  on 
which  the  animal  is  placed.  That  the  convulsions  in  cans  of 
poisoning  by  strychnine  are  always  of  a  reflex  character,  and  new 
spontaneous,  is  shown  by  the  following  fact  first  noticed  by  Be^ 
nard,'  viz.,  that  if  a  frog  be  poisoned  after  division  of  the  posterior 
roots  of  all  the  spinal  nerves,  while  the  anterior  roots  arc  left  un- 
touched, death  takes  place  as  usual,  but  is  not  preceded  by  any  ooa- 
vulsions.  In  this  instance  the  convulsions  are  absent  sJmplY 
because,  owing  to  the  division  of  the  ]X)slerior  roots,  external  irri- 
tations cannot  be  communicated  to  the  cord. 

The  reflex  action,  above  described,  may  be  seen  very  distinotlT 
in  the  human  subject,  in  certain  cases  of  disease  of  the  spinal  oord. 
If  the  upper  jturtion  of  the  cord  be  disintegrated  by  inflammatoit 
softening,  so  that  its  middle  and  lower  portions  lose  their  iiat^ril 
connection  with  the  brain,  paralysis  of  voluntary  motion  and  lossoT 
sensation  ensue  in  all  parts  of  the  body  below  the  seat  of  the  aWi- 
tomical  lesion.  Under  these  conditions,  the  patient  is  incapabl*  rf 
making  any  muscular  exertion  in  the  paralyzed  parts,  and  is  uncon- 
scious of  any  injury  done  to  the  integument  in  the  same  r«gioa. 
Notwithstanding  this,  if  the  soles  of  the  feet  be  gently  irriUhi«J 
with  a  feather,  or  with  the  point  of  a  needle,  a  convulsive  twinch- 

'  LegooB  aor  1m  eff«ta  dea  Sabstanoes  toxiqaes  et  m6dicuaeQt«a9<«,  P&rit,  iH't, 
p.  357. 
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ing  of  the  toes  yrill  often  take  place,  and  even  retractile  movements 
of  the  leg  and  thigh,  altogether  without  the  patient's  knowledge. 
Such  movements  may  frequently  be  excited  by  simply  allowing 
the  cool  air  to  come  suddenly  in  contact  with  the  lower  extremities. 
We  have  repeatedly  witnessed  these  phenomena,  in  a  case  of  dis- 
ease of  the  spinal  cord,  where  the  paralysis  and  insensibility  of  the 
lower  extremities  were  complete.  Many  other  similar  instances 
are  reported  by  various  authors. 

The  existence  of  this  reflex  action  of  the  cord  has  enabled  the 
physiologist  to  ascertain  several  other  important  facts  concerning 
the  mode  of  operation  of  the  nervous  system.    M.  Bernard  has 

demonstrated,*  bv  a  series  of 
Pig.  148.  .         1      •         • 

extremely  ingenious  experi- 
ments on  the  action  of  poison- 
ous substances:  1st,  that  the 
irritability  of  the  muscles  may 
be  destroyed,  while  that  of  the 
nerves  remains  unaltered ;  and 
2d,  that  the  motor  and  sensi- 
tive nervous  filaments  may  be 
paralyzed  independently  of 
each  other.  The  above  facts 
are  shown  by  the  three  follow- 
ing experiments :  — 

1.  In  a  living  frog  (Fig.  148), 
the  sciatic  nerve  {N)  is  exposed 
in  the  back  part  of  the  thigh, 
after  which  a  ligature  is  passed 
underneath  it  and  drawn  tight 
around  the  bone  and  the  re- 
maining soft  parts.  In  this 
way  the  circulation  is  entirely 
cut  off  from  the  limb  (d),  which 
remains  in  connection  with  thf 
trunk  only  by  means  of  the 
sciatic  nerve.  A  solution  of 
sulphocyanide  of  potassium  is 
then  introduced  beneath  the 
skin  of  the  back,  at  /,  in  suf- 
«  Le9ona  Bar  lea  effeU  des  sabsUnces  toxiquea  et  m^dicamenteoaea,  Paris,  1867, 
•iMpa.  28  ud  24. 
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fieient  quantity  to  produce  it3  specific  effect.  The  poisoo 
thea  absorbed,  and  is  carried  by  the  circulation  tbrougl 
the  trunk  and  the  three  extremities  a,  h,  c;  while  it  ia  pre- 
vented from  entering  the  limb  d,  by  the  ligature  which  has 
been  placed  about  the  thigh.  Sulphocyanide  of  polassiaa 
produces  paralysis,  aa  we  have  previously  mentioned,  by  id- 
ing  directly  upon  the  muscular  tissue.  Accordingly,  a  gil- 
vanic  discharge  passed  through  the  limbs  a,  h,  and  c,  produces  do 
contraction  in  them,  while  the  same  stimulus,  applied  to  d,  ia  fol- 
lowed by  a  strong  and  healthy  reaction.  But  at  the  moment  wlien 
the  irritation  is  applied  to  the  poisoned  limbs  a,  h,  and  c,  thoagb 
no  visible  eftect  is  produced  in  them,  an  active  movement  takes pkoe 
in  the  healthy  limb,  d.  This  can  only  be  owing  to  a  reflex  action 
of  the  spinal  cord,  originating  in  the  integument  of  a,  h,  and  e, 
and  transmitted,  by  sensitive  and  motor  filaments,  tbroagb  the 
cord  to  d.  While  the  muscles  of  the  poisoned  limbs,  therefore,  AoMJ 
been  directly  paralyzed,  the  nerves  of  the  tame  parts  have  retcamd 
their  irrilahility. 

2.  If  a  frog  be  poisoned  with  woorara  by  simply  placing  the 
poison  under  the  skin,  no  reflex  action  of  the  spinal  cord  can  bed^ 
monstrated  after  death.  We  have  already  shown,  from  experiments 
detailed  in  chapter  II.,  that  this  substance  paralyzes  the  peripheral 
extremities  of  the  motor  nerves,  without  affecting  the  contractility 
of  the  muscles.  In  the  above  instance,  therefore,  where  the  reflei 
action  is  abolished,  its  loss  may  be  owing  to  a  paralysis  of  botl 
motor  and  sensitive  filaments,  or  to  that  of  the  motor  fiUmenta 
alone.  The  following  experiment,  however,  shows  that  the  motor 
filaments  are  the  only  ones  affected.  If  a  frog  be  prepared  as  in 
Fig.  148,  and  poisoned  by  the  introduction  of  woorara  at  /,  wben 
the  limb  d  is  irritated,  its  own  muscles  react,  while  no  movement 
takes  place  in  a,  h,  or  c;  but  if  the  irritation  be  applied  tea, A, 
or  c,  reflex  movements  are  immediately  produced  in  d.  /«  d» 
poisoned  limbs,  therefore,  tvUile  the  motor  nerves  have  been  paraUftid, 
the  sensitive  flaments  have  retained  their  irritability. 

S.  If  a  frog  Ijo  poisoned  with  stryctnine,  introduced  xindenwitlt 
the  skin  in  sufficient  quantity,  death  takes  place  after  general  con- 
vulsions, which  are  due,  as  we  have  seen  above,  to  an  unnatural 
excitability  of  the  reflex  action.  This  is  followed,  however,  by  a 
paralysis  of  sensibility,  so  that  after  death  no  reflex  movements 
can  be  produced  by  irritating  the  skin  or  even  the  posterior  roots 
of  the  spinal  nerves.    But  if  the  anterior  roots,  or  the  motor  nenw» 
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lemselves  l>e  galvanized,  contractions  immediately  take  place  in 
the  corresponding  muscles.  In  this  case,  tlierefore,  the  sensitive  fila- 
tntnts  have  been  paralyzed,  while  the  motor  Jilaments  and  the  miisclea 
fuive  retained  their  i)~ri(ahility, 
^^  "We  now  come  to  investigate  the  reflex  action  of  tlie  spinal  cordj 
^P  it  takes  place  in  a  healthy  condition  during  life.  This  action 
readily  escapes  notice,  unless  our  attention  be  particularly  directed 
to  it,  because  the  sensations  which  we  are  constantly  receiving,  and 
the  many  voluntary  movements  "which  are  continually  executed, 
serve  naturally  to  mask  those  nervous  phenomena  which  take  place 
without  our  immediate  knowledge,  and  over  which  we  exert  no 
voluntary  control.  Such  phenomena,  however,  do  constantly  take 
place,  and  are  of  extreme  physiological  importance.  If  the  surface 
of  the  skin,  for  example,  be  at  any  time  unexpectedly  brought  in 
contact  with  a  heated  body,  the  injured  part  is  often  withdrawn  by 
a  rapid  and  convulsive  movement,  long  before  we  feel  the  pain,  or 
even  fairly  understand  the  cause  of  the  involuntary  act.  If  the 
body  by  any  accident  suddenly  and  unexpectedly  loses  its  balance, 
the  limbs  are  thrown  into  a  position  calculated  to  protect  the  eX' 
posed  parts,  and  to  break  the  fall,  by  a  similar  involuntary  and  in- 
Btanlaneous  movement.  The  brain  docs  not  act  in  these  cases,  for 
there  is  no  intentional  character  in  the  movement,  nor  even  any 
complete  consciousness  of  its  object.  Everything  indicates  that  it 
is  the  immediate  result  of  a  simple  reflex  action  uf  the  spinal  cord. 
The  cord  exerts  also  an  important  and  constant  influence  upon 
the  sphincter  muscles.  The  sphincter  ani  is  habitually  in  a  state  of 
contraction,  &o  that  the  contents  of  the  intestine  are  not  allowed  to 
escape.  When  any  external  irritation  is  applied  to  the  anus,  or 
whenever  the  feces  present  themselves  internally,  the  sphincter 
contracts  involuntarily,  and  the  discharge  of  the  feces  is  prevented. 

*is  habitual  closure  of  the  sphincter  dejjends  on  the  reflex  action 
the  spinal  cord.  It  is  entirely  an  involuntary  act,  and  will  con- 
tinue, in  the  healthy  condition,  during  profound  sleep,  as  complete 
and  efficient  as  in  the  waking  state. 

"When  the  rectum,  however,  has  become  filled  by  the  accumula- 
tion of  feces  from  above,  the  nervous  action  changes.  Then  the 
impression  produced  on  the  mucous  membrane  of  the  distended 
rectum,  conveyed  to  the  spinal  cord,  causes  at  the  same  time  re- 
laxation of  the  sphincter  and  contraction  of  the  rectum  itself;  so 
that  a  discharge  of  the  feces  consequently  takes  place. 

Tow  all  these  actions  are  to  some  extent  under  the  control  of 
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sensation  and  volition.  The  distended  state  of  the  rectum  is  usually 
accompanied  by  a  distinct  sensation,  and  the  resistance  of  the 
sphincter  may  be  voluntarily  prolonged  for  a  certain  period,  just  u 
tlie  respiratory  movements,  which  are  usually  involuntary,  may  be 
intentionally  hastened  or  retarded,  or  even  temporarily  suspeoJc*!, 
But  this  voluntary  power  over  the  sphincter  and  the  rectum  u 
limited.  After  a  time  the  involuntary  impulse,  growing  more 
urgent  with  the  increased  distension  of  the  rectum,  becomes  irr^ 
sistible ;  and  the  discharge  finally  takes  place  by  the  simple  reflex 
action  of  the  spinal  cord. 

If  the  spinal  cord  be  injured  in  its  middle  or  upper  portions,  the 
sensibility  and  voluntary  action  of  the  sphincter  are  lost,  because  its 
connection  with  the  brain  has  been  destroyed.  The  evacoatioo 
then  takes  place  at  once,  by  the  ordinary  mechanism,  as  soon  tt 
the  rectum  is  filled,  but  without  any  knowledge  on  the  part  of  tb« 
patient.  The  discharges  are  then  said  to  be  "  involuntary  and  an 
conscious." 

If  the  irritability  of  the  cord,  on  the  other  hand,  be  exaggerated 
by  disease,  while  its  connection  with  the  brain  remains  entire,  the 
distension  of  the  rectum  is  announced  by  the  usual  sensation,  but 
the  reflex  impulse  to  evacuation  is  so  urgent  that  it  cannot  be 
controlled  by  the  wilt,  and  the  patient  is  compelled  to  allow  it  to 
take  place  at  once.  The  discharges  are  then  said  to  be  simply 
"involuntary," 

Finally,  if  the  substance  of  the  spinal  cord  be  extensively  d^ 
Btroyed  by  accident  or  disease,  the  sphincter  is  permanently  relaxed 
The  feces  are  then  evacuated  almost  continuously,  without  anT 
knowledge  or  control  on  the  part  of  the  patient,  as  fast  as  iher 
descend  into  the  rectum  from  the  upper  portions  of  the  intestine. 

Injury  of  the  spinal  cord  produces  a  somewhat  different  effect  oa 
the  urinary  bladder.  Its  muscular  fibres  are  directly  paralyzed; 
and  the  organ,  being  partially  protected  by  elastic  fibres,  both  «t 
its  own  orifice  and  along  the  urethra,  becomes  gradually  distended 
by  urine  from  the  kidneys.  The  urine  then  overcomes  the  elus- 
ticity  of  the  protecting  fibres,  by  simple  force  of  accumulation,  and 
afterward  dribbles  away  as  fast  as  it  is  excreted  by  the  kidiieysi 
Paralysis  of  the  bladder,  therefore,  first  causes  a  permanent  di:4en- 
sion  of  the  organ,  which  is  afterward  followed  by  a  continue 
passive,  and  incomplete  discharge  of  its  contents. 

Injury  of  the  spinal  cord  produces  also  an  important,  thoa^ 
probably  an  indirect  eflfect  on  nutrition,  secretion,  animal  heat* 
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in  the  paralyzed  parts.  Diseases  of  the  cord  which  result  in  its 
softening  or  disintegration,  are  notoriously  accompanied  by  consti- 
pation, often  of  an  extremely  obstinate  character.  In  complete 
paraplegia,  also,  the  lower  extremities  become  emaciated.  The 
texture  and  consistency  of  the  muscles  are  altered,  and  the  animal 
temperature  is  considerably  reduced.  All  such  disturbances  of 
nutrition,  however,  which  almost  invariably  follow  upon  local  para- 
lysis, are  no  doubt  immediately  owing  to  the  inactive  condition  of 
the  muscles ;  a  condition  which  naturally  induces  debility  of  the 
drculation,  and  consequently  of  all  those  functions  which  are  de- 
pendent upon  it. 

It  is  less  easy  to  explain  the  connection  between  injury  of  the 
spinal  oord  and  inflammation  of  the  urinary  passages.  It  is,  how- 
ever, a  matter  of  common  observation  among  pathologists,  that 
injury  or  disease  of  the  cord,  particularly  in  the  dorsal  and  upper 
lumbar  regions,  is  soon  followed  by  catarrhal  inflammation  of  the 
urinary  passages.  This  gives  rise  to  an  abundant  production  of 
altered  mucus,  which  in  its  turn,  by  causing  an  alkaline  fermenta- 
tion of  the  urine  contained  in  the  bladder,  converts  it  into  an  irri- 
tating and  ammoniacal  liquid,  which  reacts  upon  the  mucous  mem- 
brane and  aggravates  the  previous  inflammation. 

We  find,  therefore,  that  the  spinal  cord,  in  its  character  of  a 
nervous  oentr^  exerts  a  general  protective  action  over  the  whole 
body.  It  presides  over  the  involuntary  movements  of  the  limbs 
and  trunk;  it  regulates  the  action  of  the  sphincters,  the  rectum, 
and  tiie  bladder ;  while  at  the  same  time  it  exerts  an  indirect  influ- 
ence on  the  nutritive  changes  in  those  parts  which  it  supplies  with 
oeryos. 
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THE  BRAIN. 


By  the  brain,  or  encephahn,  as  it  is  sometimes  called,  wo  meui 
that  pojtion  of  the  nervous  system  which  is  situated  within 
cavity  of  the  cranium.     It  consists,  as  we  have  already  shown,  of 
a  series  of  different  ganglia,  connected  with  each  other  by  transver 
and  longitudinal  comtnissures. 

Since  we  have  found  the  functions  of  sensation  and  motion,  or 
sensibility  and  excitability,  «o  distinctly  separated  in  the  spir 
cord,  wc  should  expect  to  find  the  same  distinction  in  the  interior 
of  the  brain.    These  two  properties  have  indeed  been  found  to 
distinct  from  each  otlicr,  so  far  as  they  exist  at  all,  in  the  encephalic 


mass ;  but  most  obstTvcrs  are  agreed  that  they  are  both  confine 
to  very  small  portions  of  the  brain,  in  comparison  with  its  entii 
bulk.     According   to   the   investigations   of  Longet,  neither  th^^ 
olfactory  ganglia,  the  corpora  striata,  the  optic  thalarai,  the  tuber — 
cula  quadrtgemina,  nor  the  white  or  gray  substance  of  the  cerebrates 
or  the  cerebellum,  ore.  in  the  least  degree  excitable.     Mechanica.1 
irritation  of  these  parts  does  not  produce  the  slightest  convulsive 
movement  in  the  muscles  below.     The  application  of  caustic  lic^uida 
and  the  passage  of  galvanic  current*  are  equally  without  effect 
The  only  portions  of  the  brain  in  which  irritation  is  followeti  by 
convulsive  movements  arc  the  anterior  surface  of  the  medulla  ol>- 
longata,  the  tuber  annulare,  and  the  lower  part  of  the  crura  cerebri; 
that  is,  the  lower  and  central  parts  of  the  brain,  containing  contioa- 
ations  of  the  anterior  col u mas  of  the  cord.     On  the  other  hand, 
neither    the   olfactory  ganglia,  the   corpora  striata,  the  tubercuU 
quadrigemina,  nor  the  white  or  gray  substance  of  the  cerebrum  or 
cerebellum,  give  rise,  on  being  irritated,  to  any  painful  sensation. 
The  only  sensitive  partji  are  the  posterior  surface  of  the  medulla 
oblongata,  the  restiform  bodies,  the  processus  e  cerebello  ad  tesl«ft, 
and  the  upper  part  of  the  crura  cerebri ;  that  is,  those  portions  of 
the  ba.se  of  the  brain  which  contain  prolongations  of  the  posterior 
columns  of  the  cord. 
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rhe  most  central  portions  of  the  nervous  system,  therefore,  and 
ticularly  the  gray  matter,  are  usually  regarded  as  destitute  ol 
li  excitability  and  sensibility.  It  is  only  those  portions  which 
WG  to  condxict  sensations  and  nervous  impulses  that  can  be  ex* 
id.  by  mechanical  irritation ;  not  the  ganglionic  centres  them 
ros,  which  receive  and  originate  the  nervous  impressions. 
Ve  shall  now  study  in  succession  the  different  ganglia  of  which 
~brain  is  composed. 

>iiFACTOBY  Ganglia. — These  ganglia,  which  in  some  of  the 
^r  animals  are  very  large,  corresponding  in  size  with  the  ex- 

*  of  the  olfactory  membrane  and  the  acuteness  of  the  sense  of 
»X1,  are  very  small  in  the  human  subject.    They  are  situated  on 

cribriform  plate  of  the  ethmoid  bone,  on  each  side  of  the  crista 
LiL,  just  beneath  the  anterior  lobes  of  the  cerebrum.    They  send 

*  ar  nerves  through  the  numerous  perforations  which  exist  in  the 
K^aoid  bone  at  this  part,  and  are  connected  with  the  base  of  the 
•in  by  two  longitudinal  commissure^.  The  olfactory  ganglia 
•^  their  commissures  are  sometimes  spoken  of  as  the  "  olfactory 
'^68."  They  are  not  nerves,  however,  but  ganglia,  since  they  are 
•^tly  composed  of  gray  matter ;  and  the  term  "  olfactory  nerves" 
^  be  properly  applied  only  to  the  filaments  which  originate  from 
^m,  and  which  are  afterward  spread  out  in  the  sabstance  of  the 
factory  membrane. 

It  has  been  found  difficult  to  determine  the  function  of  these 
euiglia  by  direct  experiment  on  the  lower  animals.  They  may  be 
estroyed  by  means  of  a  strong  needle  introduced  through  the  bones 
f  the  cranium ;  but  the  signs  of  the  presence  or  absence  of  the 
}nae  of  smell,  after  such  an  operation,  are  too  indefinite  to  allow  us 
►  draw  from  them  a  decided  conclusion.  The  anatomical  distribu- 
on  of  their  nerves,  however,  and  the  evident  correspondence  which 
cists,  in  different  species  of  animals,  between  their  degree  of  de* 
slopment  and  that  of  the  external  olfactory  organs,  leaves  no  doubt 
I  to  their  true  function.  They  are  the  ganglia  of  the  special  sense 
■  smell,  and  are  not  connected,  in  any  appreciable  degree,  with 
■dinary  sensibility,  nor  with  the  production  of  voluntary  move- 
ents. 

Optic  Thalami. — These  bodies  are  not,  as  their  name  would 
iply,  the  ganglia  of  visioii.  Longet  has  found  that  the  power  of 
;ht  and  the  sensibility  of  the  pupil  both  remain,  in  birds,  after 
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the  optic  thalami  have  been  thoroughly  disorganized  ;  and  that  arti- 
ficial irritation  of  the  siime  ganglia  has  no  effect  in  producing 
either  contraction  or  dilatation  of  the  pupil.  The  optic  thalami, 
however,  according  to  the  same  observer,  have  a  peculiar  croeaed 
action  upon  the  voluntary  movements.  If  both  hemispberee  uid 
both  optic  thalami  bo  removed  in.<the  rabbit,  the  animal  is  still 
capable  of  standing  and  of  using  hia  limbs  in  progresfiion.  But  if 
the  right  optic  thalamus  alone  be  removed,  the  animal  falls  at  once 
upon  his  left  side ;  and  if  the  left  thalamus  be  destroyed,  a  similir 
debility  is  manifest  on  the  right  side  of  the  body.  In  these  in- 
stances there  is  no  absolute  paralysis  of  the  side  upon  which  the 
animal  falls,  but  rather  a  simple  want  of  balance  between  the  t*o 
opposite  sides.  The  exact  mechanism  of  this  peculiar  functional 
disturbance  is  not  well  understood;  and  but  little  light  has  yet 
been  thrown,  either  by  direct  experiment  or  by  the  facts  of  oompi- 
rative  anatomy,  on  the  real  function  of  the  optic  thalamL 

Corpora  Striata. — The  function  of  these  ganglia  is  equally 
uncertain  with  that  of  the  preceding.  They  are  traversed,  as  we 
have  already  seen,  by  fibres  coming  from  the  anterior  columns  of 
the  cord;  and  tbey  are  connected,  by  the  continuation  of  these 
fibres,  with  the  gray  substance  of  the  hemispheres.  They  have 
therefore,  in  all  probability,  like  the  optic  thalami,  some  connectioii 
with  sensation  and  volition ;  but  the  precise  nature  of  this  c 
tion  is  at  present  altogether  unknown. 

IIEMISPHEI1E3. — The  hemispheres,  or  the  cerebral  ganglia,  con- 
stitute in  the  human  subject  about  nine-tenths  of  the  whole  Duai| 
of  the  bruin.  Throughout  their  whole  extent  they  are  entirely 
destitute,  as  we  have  al  ready  mentioned,  of  both  sensibility  and  eJC* 
citability.  Both  the  white  and  gray  substance  may  be  wounded, 
burned,  lacerated,  crushed,  or  galvanized  in  the  living  animal  vitb- 
out  exciting  any  convulsive  movement  or  any  apparent  seosstiuo. 
In  tiie  human  subject  a  .similar  insensibility  has  been  obeerred 
when  the  substance  of  the  hemispheres  has  been  exposed  by  icci- 
deutal  violence,  or  in  the  operation  of  trephining. 

Very  severe  mechanical  injuries  may  also  be  inflicted  upon  tw 
hemispheres,  even  in  the  human  subject,  without  pro<lucing  wj 
directly  fatal  result.  One  of  the  most  remnrk.nble  instances  of  this 
fact  is  a  case  reported  by  Prof.  William  Dctmold.  of  New  York,' in 
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which  an  ahscesa  in  the  anterior  lohe  of  the  brain  was  opened  by  an 
incision  passing  through  the  cerebral  substance,  not  only  without 
any  immediate  bad  eflect,  but  with  great  temporary  relief  to  the 
patient  This  was  the  case  of  a  laborer  who  was  struck  on  the  left 
idde  of  the  forehead  by  a  piece  of  falling  timber,  which  produced  a 
compound  fracture  of  the  skull  at  this  part.  One  or  two  pieces  of 
bone  afterward  became  separated  and  were  removed,  and  the  wound 
subsequently  healed.  Nine  weeks .  after  the  accident,  however, 
headache  and  drowsiness  came  on ;  and  the  latter  symptom,  becom- 
ing rapidly  aggravated,  soon  terminated  in  complete  stupor.  At 
this  time,  the  existence  of  an  abscess  being  suspected,  the  cicatrix, 
together  with  the  adherent  portion  of  the  dura  mater,  was  dissected 
away,  several  pieces  of  fractured  bone  removed,  and  the  surface  of 
the  brain  exposed.  A  knife  was  then  passed  into  the  cerebral  sub- 
stance, making  a  wound  one  inch  in  length  and  half  an  inch  in 
depth,  when  the  abscess  was  reached  and  over  two  ounces  of  pus 
discharged.  The  patient  immediately  aroused  from  his  comatose 
condition,  so  that  he  was  able  to  speak ;  and  in  a  few  days  reco. 
vered,  to  a  very  considerable  extent,  his  cheerfulness,  intelligence, 
and  appetite.  Subsequently,  however,  the  collection  of  pus  re- 
turned, accompanied  by  a  renewal  of  the  previous  symptoms ;  and 
the  patient  finally  died  at  the  end  of  seven  weeks  from  the  time  of 
opening  the  abscess. 

Another  and  still  more  striking  instance  of  recovery  from  severe 
injury  of  the  brain  is  reported  by  Prof.  H.  J.  Bigelow  in  the 
American  Journal  of  Medical  Sciences  for  July,  1850.  In  this  case,  a 
pointed  iron  bar,  three  feet  and  a  half  in  length,  and  one  inch  and  a 
quarter  in  diameter,  was  driven  through  the  patient's  head  by  the 
premature  blasting  of  a  rock.  The  bar  entered  the  left  side  of  the 
lace,  just  in  front  of  the  angle  of  the  jaw,  and  passed  obliquely 
upward,  inside  the  zygomatic  arch  and  through  the  anterior  part 
of  the  cranial  cavity,  emerging  from  the  top  of  the  frontal  bone  on 
the  median  line,  just  in  front  of  the  point  of  union  of  the  coronal 
and  sagittal  sutures.  The  patient  was  at  first  stunned,  but  soon 
recovered  himself  so  far  as  to  be  able  to  converse  intelligently,  rode 
home  in  a  common  cart,  and  with  a  little  assistance  walked  up  stairs 
to  his  room.  He  became  delirious  within  two  days  after  the  acci- 
dent, and  subsequently  remained  partly  delirious  and  partly  coma- 
tose for  about  three  weeks.  He  then  began  to  improve,  and  at  the 
end  of  rather  more  than  two  months  from  the  date  of  the  injury, 
was  able  to  walk  about.  At  the  end  of  sixteen  months  he  was  in 
perfect  health,  with  the  wounds  healed,  and  with  the  mental  and 
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bcxlily  functions  entirely  unimpaired,  except  that  sight  was  permi- 
nently  lost  in  the  eye  of  the  injured  side. 

This  patient  survived  the  injury  for  a  little  over  twelve  je*il^| 
being  able  for  a  great  part  of  the  time  to  do  the  ordinary  work  of 
an  ostler,  coachman,  and  farm-laborer,  in  all  of  which  occupatioM 
he  was  employed  at  various?  intervals.  He  finally  died  in  1861, 
after  a  short  illness  accompanied  by  convulsions.  The  skull,  which 
was  subsequently  obtained  and  deposited  in  the  "Warren  Anatom* 
ioal  Museum,'  shows  the  openings  corresponding  with  the  poinla 
of  entrance  and  exit  of  the  iron  bar. 

The  hemispheres,  furthermore,  may  not  only  be  seriously  injured 
without  destroying  life,  but  in  many  of  the  lower  animals  they  may 
be  entirely  removed  without  abolishing  the  powers  of  sensation  lad 
volition.  In  quadrupeds,  the  complete  removal  of  the  hemispheree  is 
attended  with  so  much  hemorrhage  that  the  operation  is  gener&llj 
fatal  from  this  cause  within  a  few  minutes.  In  birds,  however,  it 
may  be  performed  without  any  immediate  danger  to  life.  Longet 
has  removed  the  hemispheres  in  pigeons  and  fowls,  and  has  kept 
these  animals  afterward  for  several  days,  with  most  of  the  organic 
functions  unimpaired.  We  have  frequently  performed  the  Kirae 
experiment  upon  pigeons,  with  a  similar  favorable  result. 

The  effect  of  this  mutilation  is  simply  to  plunge  the  animal  into 
a  state  of  profound  stupor,  in  which  he  is  almost  entirely  inatteo- 
tive  to  surrounding  objects.  The  bird  remains  sitting  raotionle* 
upon  his  perch,  or  standing  upon  the  ground,  with  the  eyes  clotSjA 
and  the  head  sunk  between  the  shoulders.  (Fig.  149.)    The  pin 

Fig.  149. 
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mage  is  smooth  and  glossy,  but  is  uniformly  expanded,  by  a  kind 
of  erection  of  the  feathers,  so  that  the  body  appears  somewhat 
puffed  out,  and  larger  than  natural  Occasionally  the  bird  opens 
his  eyes  with  a  vacant  stare,  stretches  his  neck,  perhaps  shakes  his 
bill  once  or  twice,  or  smooths  down  the  feathers  upon  his  shoulders, 
and  then  relapses  into  his  former  apathetic  condition.  This  state 
of  immobility,  however,  is  not  accompanied  by  the  loss  of  sight,  of 
hearing,  or  of  ordinary  sensibility.  All  these  functions  remain,  as 
well  as  that  of  voluntary  motion.  If  a  pistol  be  discharged  behind 
the  back  of  the  animal,  he  at  once  opens  his  eyes,  moves  his  head 
half  round,  and  gives  evident  signs  of  having  heard  the  report ;  but 
he  immediately  becomes  quiet  again,  and  pays  no  farther  attention 
to  it  Sight  is  also  retained,  since  the  bird  will  sometimes  fix  its 
eye  on  a  particular  object,  and  watch  it  for  several  seconds  together. 
Longet  has  even  found  that  by  moving  a  lighted  candle  before  the 
animal's  eyes  in  a  dark  place,  the  head  of  the  bird  will  often  follow 
the  movements  of  the  candle  from  side  to  side  or  in  a  circle,  showing 
that  the  impression  of  light  is  actually  perceived  by  the  sensorium. 
Ordinary  sensation  also  remains,  after  removal  of  the  hemispheres, 
together  with  voluntary  motion.  If  the  foot  be  pinched  with  a 
pair  of  forceps,  the  bird  becomes  partially  aroused,  moves  uneasily 
once  or  twice  from  side  to  side,  and  is  evidently  annoyed  at  the 
irritation. 

The  animal  is  still  capable,  therefore,  after  removal  of  the  hemi- 
spheres, of  receiving  sensations  from  external  objects.  But  these 
sensations  appear  to  make  upon  him  no  lasting  impression.  He  is 
incapable  of  connecting  with  his  perceptions  any  distinct  succession 
of  ideas.  He  hears,  for  example,  the  report  of  a  pistol,  but  he  is  not 
alarmed  by  it ;  for  the  sound,  though  distinctly  enough  perceived, 
does  not  suggest  any  idea  of  danger  or  injury.  There  is  accord- 
ingly no  power  of  forming  mental  associations,  nor  of  perceiving 
the  relation  between  external  objects.  The  memory,  more  particu- 
larly, is  altogether  destroyed,  and  the  recollection  of  sensation  is 
not  retained  from  one  moment  to  another.  The  limbs  and  muscles 
are  still  under  the  control  of  the  will ;  but  the  will  itself  is  inactive, 
because  apparently  it  lacks  its  usual  mental  stimulus  and  direction. 
The  powers  which  have  been  lost,  therefore,  by  destruction  of  the 
cerebral  hemispheres,  are  altogether  .of  a  mental  or  intellectual 
character ;  that  is,  the  power  of  comparing  with  each  other  different 
ideas,  and  of  perceiving  the  proper  relation  between  them. 

The  same  result  is  well  known  to  follow,  in  the  human  subject, 
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from  injury  or  disease  of  these  parts.  A  disturbance  of  the  m 
powers  has  long  been  recognized  as  the  ordinary  consequcDC© 
lesions  of  tbe  brain.  In  cases  of  impending  apoplexy,  for  exanjplr, 
or  of  softening  of  the  cerebral  substance,  among  the  earliest  &od 
most  constant  phenomena  is  a  !«>«?  or  impairment  of  the  memory. 
The  patient  forgets  the  names  of  particular  objects  or  of  particaliir 
persons ;  or  he  is  unable  to  calculate  numbers  with  his  usoal  facility. 
His  mental  derangement  is  often  shown  in  the  undue  estimate  which 
he  forms  of  passing  events.  He  is  no  longer  able  to  appreciaus  the 
true  relation  between  different  objects  and  dilTercnt  phenomeiu. 
Thus,  be  will  show  an  exaggerate<l  degree  of  solicitude  ab<jut  a 
trivial  occurrence,  and  will  pay  no  attention  to  other  matters  of 
real  importance.  As  the  diiHculty  increases,  he  becomes  carelen 
of  the  directions  and  advice  of  his  attendants,  and  must  be  wutcited 
and  managed  like  a  child  or  uu  imbecile.  After  a  certain  j:>eri(id, 
he  no  longer  appreciates  the  lapse  of  time,  and  even  loses  tbe  di* 
tinction  between  day  and  night.  Finally,  when  the  injury  to  lix 
hemispheres  is  coraplete.  the  senses  may  still  remain  active  aod 
impressible,  while  the  patient  is  completely  deprived  of  intelligeaoek 
memory,  and  judgment. 

If  we  examine  the  comparative  developrnent  of  the  heraisp 
in  dift'erent  species  of  animals,  and  in  diftereut  races  of  mealfr 
shall  find  that  the  size  of  these  ganglia  corresponds  very  cIowIt 
with  the  degree  of  intelligence  possessed  by  the  individual.  We 
have  already  traced,  in  a  preceding  chapter,  the  gradual  incrcaw 
in  size  of  the  hemisphcre-s  in  fish,  reptiles,  birds,  and  quadrupeds: 
four  clasises  of  animals  which  may  be  arranged,  with  regard  to  the 
amount  of  intelligence  possessed  by  each,  in  precisely  the  am 
order  of  succession.  Among  quadrupeds,  the  elephant  hns  inuA 
the  largest  and  most  perfectly  formed  cerebrum,  in  proportion  to 
the  size  of  the  entire  body ;  and  of  all  quadrupeds  he  is  provcrbiallj 
the  most  intelligent  and  the  most  teachable.  It  is  important  to 
observe  in  this  connection,  that  the  kind  of  intelligence  wlncb 
characterizes  the  elephant  and  some  other  of  the  lower  animak 
and  which  most  nearly  resembles  that  of  man.  is  a  teachable  intelli- 
gence;  a  very  different  thing  from  the  intelligence  which  dep«nd> 
upon  instinct,  such  as  that  of  insects,  for  example,  or  birtls  of  pM- 
sage.  Instinct  is  unvarying,  and  always  does  the  same  thing  in  the 
same  manner,  with  endless  repetition;  but  intelligence  is  a  jwwei 
which  adapts  itself  to  new  circumstances,  and  enables  its  possessor, 
by  comprehending  and  retaining  new  ideas,  to  profit  by  experieQoe. 
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It  is  thiii  quality  which  distinguishes  the  higher  classes  of  animals 
from  the  lower ;  and  which,  in  a  very  much  greater  degree,  con- 
stitutes the  intellectual  superiority  of  man  himself.  The  size  of 
the  cerebrum  in  man  is  accordingly  very  much  greater,  in  propor- 
tion to  that  of  the  entire  body,  than  in  any  of  the  lower  animals ; 
while  other  parts  of  the  brain,  on  the  contrary,  such  as  the  olfactory 
ganglia  or  the  optic  tubercles,  are  frequently  smaller  in  him  than 
in  them.  For  while  man  is  superior  in  general  intelligence  to  all 
the  lower  animals,  he  is  inferior  to  many  of  them  in  the  acuteness 
of  the  special  senses. 

As  a  general  rule,  also,  the  size  of  the  cerebrum  in  different 
races  and  in  different  individuals  corresponds  with  the  grade  of 
their  intelligence.  The  size  of  the  cranium,  as  compared  with  that 
of  the  face,  is  smallest  in  the  savage  negro  and  Indian  tribes ;  larger 
in  the  civilized  or  semi-civilized  Chinese,  Malay,  Arab,  and  Japan- 
ese ;  while  it  is  largest  of  all  in  the  enlightened  European  races. 
This  diflference  in  the  development  of  the  brain  is  not  probably  an 
efEect  of  long-continued  civilization  or  otherwise ;  but  it  is,  on  the 
contrary,  the  superiority  in  cerebral  development  which  makes 
some  races  readily  susceptible  of  civilization,  while  others  are 
either  altogether  incapable  of  it,  or  can  only  advance  in  it  to  a 
certain  limit.  Although  all  races  therefore  may,  perhaps,  be  said 
to  start  from  the  same  level  of  absolute  ignorance,  yet  after  the 
lapse  of  a  certain  time  one  race  will  have  advanced  farther  in 
civilization  than  another,  owing  to  a  superior  capacity  for  improve- 
ment, dependent  on  original  organization. 

The  same  thing  is  true  with  regard  to  different  individuals.  At 
birth,  all  men  are  equally  ignorant ;  and  yet  at  the  end  of  a  certain 
period  one  will  have  acquired  a  very  much  greater  intellectual 
power  than  another,  even  under  similar  conditions  of  training. 
edtication,  &c.  He  has  been  able  to  accumulate  more  information 
from  the  same  sources,  and  to  use  the  same  experience  to*  better 
advantage  than  his  associates;  and  the  result  of  this  is  a  certain 
intellectual  superiority,  which  becomes  still  greater  by  its  own 
exercise.  This  superiority,  it  will  be  observed,  lies  not  so  much 
in  the  power  of  perceiving  external  objects  and  events,  and  of  re- 
cognizing the  connection  between  them,  as  in  that  of  drawing  con- 
clusions from  one  fact  to  another,  and  of  adapting  to  new  combina- 
tions the  knowledge  which  has  already  been  acquired. 

It  is  this  particular  kind  of  intellectual  difference,  existing  in  a 
marked  degree,  between  animals,  races,  and  individuals,  which  cor- 
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responds  with  the  difference  in  development  of  the  cerebral  hemi 
spheres.  We  have,  therefore,  evidence  from  three  difterent  sources 
that  the  cerebral  hemispheres  are  the  seat  of  the  reasoning  powen^ 
or  of  the  intellectual  faculties  proper.  First,  when  these  gainglii 
are  removed  in  the  lower  animals,  the  intellectual  faculties  are  the 
only  ones  which  are  lost.  Secondly,  injury  to  these  ganglia,  in  tbe 
human  subject,  is  followed  by  a  corresponding  impairment  of  the 
same  fuculties.  Thirdly,  in  different  species  of  animals,  as  wellts 
iu  difterent  races  of  men  and  in  difterent  individuals,  the  develop- 
ment of  these  faculties  is  in  proportion  to  that  of  the  ceiehnl 
hemispheres. 

When  we  say,  however,  that  the  hemispheres  are  tLe  seat  of  toe 
intellectual  faculties,  of  memory,  reason,  judgment,  and  the  like. 
we  do  not  mean  that  these  faculties  are,  strictly  speaking,  located 
in  the  substance  of  the  herai-spheres,  or  that  they  belong  directly  to 
the  matier  of  which  the  hemispheres  are  composed.     The  bctni- 
spherical  ganglia  are  simply  the  instruments  through  which  the 
intellectual  powers  manifest  themselves,  and  which  are  ac^ordinglj 
necessary  to  their  operation.     If  these  instruments  be  imperfect  in 
Btructure,  or  be  damaged  in  any  manner  by  violence  or  disease,  ibe 
manifestations  of  intelligence  are  affected  in  a  corresponding  degree 
So  far,  therefore,  as  the  raentid  faculties  are  the  subject  of  phjflo- 
logical  research  and   experiment,  they  are  necessarily  oonnecJad 
with  the   hemispherical  ganglia;   and  the  result  of  investigation 
shows  this  connection  to  be  extremely  intimate  and  important  in 
its  character. 

There  are,  however,  various  circumstances  which  modify,  in 
particular  cases,  the  general  rule  given  above,  viz.,  that  the  largff 
the  cerebrum  the  greater  the  intellectual  superiority.  The  fuiW" 
tional  activity  of  the  brain  is  modified,  no  doubt,  by  its  textareW 
well  as  by  its  size ;  and  an  increased  excitability  may  coropenailft 
partially  or  wholly,  for  a  deficiency  in  bulk.  This  fact  is 
times  illustrated  in  the  case  of  idiots.  There  are  instances 
idiotic  children  with  small  brains  are  less  imbecile  and  hclpl* 
than  others  with  a  larger  development,  owing  to  a  certain  vivacity 
and  impressibility  of  organization  which  take  the  place,  toaoertifli 
extent,  of  the  purely  intellectual  faculties. 

This  was  the  case,  in  a  marketl  degree,  with  a  pair  of  dwarw 
and  idiotic  Central  American  children,  who  were  exhibited  K>inc 
years  ago  in  various  parts  of  the  United  States,  under  the  name  oi 
the  "  Aztec  children,"   They  were  a  boy  and  a  girl,  aged  respectively 
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alH"»\it  seven  nnd  five  years.  The  hoy  was  2  feet  9f  inches  high,  awl 
weighed  a  little  over  20  pounds.  The  girl  was  2  feet  5J  inches 
high,  and  weighed  17  pounds.  Their  bodies  were  tolerably  well 
proportioned,  but  the  cranial  cavities,  as  shown  by  the  accompany- 
ing portraits,  were  extremely  small. 

The  anteroposterior  diameter  of  the  boy's  head  was  only  4} 
inches,  the  transverse  diameter  less  than  4  inches.  The  antero- 
posterior diameter  of  the  girl's  head  wa^  4^  inches,  the  transverse 
diameter  uuly  3|  inches.  The  habits  of  these  children,  so  fur  as 
regards  feeding  and  taking  care  of  themselves,  were  those  of  chil- 

Fig.  150. 
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dren  two  or  three  years  of  age.  They  were  incapable  of  learning 
to  talk,  and  could  only  repeat  a  few  isolated  words.  Notwithstand- 
ing, however,  the  extremely  limited  range  of  their  intellectual 
powers,  these  children  were  remarkably  vivacious  and  excitable. 
While  awake  they  were  in  almost  con.staut  motion,  and  any  new 
object  or  toy  presented  to  them  immediately  attracted  their  atten- 
tion, and  evidentl}-  awakened  a  lively  curiosity.  They  were  ac- 
cordingly easily  iuduenced  by  proper  management,  and  understood 
readily  the  meaning  of  those  who  addressed  them,  so  far  as  this 
meaning  could  be  conveyed  by  gesticulation  and  the  tones  of  the 
voice.  Their  expression  and  general  appearance,  though  decidedly 
idiotic,  were  not  at  all  disagreeable  or  repulsive;  and  they  were 
much  less  troublesome  to  the  persons  who  had  them  in  charge  than 
is  often  the  case  with  idiots  possessing  a  larger  cerebral  development. 
It  may  also  be  observed  that  the  purely  intellectual  or  reasoning 
powers  are  not  the  only  element  in  the  mental  superiority  of  certain 
races  or  of  particular  individuals  over  their  associates.     There  is 
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hUo  a,  certain  rapidity  of  perception  and  strength  of  will  which 
sometimes  overbalance  greater  intellectual  acquirements  and 
cultivated  reasoning  powers.  These,  however,  are  difiereot  facnl* 
tiea  from  the  latter ;  and  occupy,  aa  we  shall  hereafter  see,  different 
Pearls  of  the  encephalon, 

A  very  reniarkablo  physiological  doctrine,  dependent  partly  on 
the  foregoing  facts,  was  brought  forward  some  years  ago  by  Gall 
and  Spurzlieim,  under  the  name  of  Phrenology.  These  obsisrverB 
recognized  the  iUot  that  the  intellectual  powers  are  uudoabtedljr 
seated  in  the  brain,  and  that  the  development  of  the  brain  id,  as  a 
general  rule,  in  correspoudeace  with  the  activity  of  these  powcn 
They  noticed  also  that  in  other  parts  of  the  nervous  system,  differeat 
functions  occupy  dirterent  situations;  and  regarding  the  mind  ta 
made  up  of  many  distinct  mental  faculties,  they  conceived  t\\e  i"l«a 
that  these  difierent  faculties  might  be  seated  in  difterent  parts  of 
the  cerebral  mass.  If  so,  each  separate  portion  oi  the  brain  would 
undoubtedly  bo  more  or  less  developed  in  proportion  to  the  activity 
of  the  mental  trait  or  facult}'  residing  in  it.  The  shape  of  the  head 
would  then  vary  in  difierent  individuals,  in  accordance  with  tbcir 
mental  peculiarities ;  and  the  character  and  endowments  of  the  in- 
dividual might  therefore  be  estimated  from  an  examination  of  the 
elevations  and  depressions  on  the  surface  of  the  cranium. 

Accordingly,  the  authors  of  this  doctrine  endeavored,  by  examin- 
ing the  heads  of  various  individuals  whose  character  was  already 
known,  to  ascertain  the  location  of  the  diflerent  mental  facultieaL 
In  this  manner  they  finally  succeeded,  as  they  supposed,  in  actom- 
plishing  their  object ;  after  which  they  prepared  a  chart,  in  winch 
the  surface  of  the  cranium  was  mappeil  out  into  some  thirty  or  ft»rty 
different  regions,  corresponding  with  as  many  difterent  mental  traitt 
or  faculties.  With  the  assi.stance  of  this  chart  it  was  thought  that 
phroTiulogy  might  be  practised  as  an  art ;  and  that,  by  one  skilW 
in  its  application,  the  character  of  a  stranger  might  be  discovered 
by  simply  examining  the  external  conformation  of  his  head. 

We  shall  not  expend  much  time  in  discussing  the  claims  of  phw* 
nology  to  rank  as  a  science  or  an  art,  since  we  believe  that  it  ha* 
of  late  years  been  almost  wholly  discarded  by  scientific  men,  owing 
to  the  very  evident  deficiencies  of  the  basis  upon  which  it  waa 
founded.  Passing  over,  therefore,  many  minor  details,  we  will 
merely  point  out,  as  matters  of  physiological  interest,  the  principal 
defects  which  must  always  prevent  the  establishment  of  phrenolngy 
ft8  a  sciencCj  and  its  application  as  an  art. 
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First,  though  we  have  no  reason  for  denying  that  different  parts 
'  the  brain  may  be  occupied  by  different  intellectual  faculties, 
lere  is  no  direct  evidence  which  would  show  this  to  be  the  case, 
hrenologists  include,  in  those  parts  of  the  brain  which  they  em- 
oy  for  examination,  both  the  cerebrum  and  cerebellum ;  and  they 
istly  regard  the  external  parts  of  these  bodies,  viz.,  the  layer  of 
ray  matter  which  occupies  their  surface,  as  the  ganglionic  portion 
L  which  must  reside  more  especially  the  nervous  functions  which 
ley  possess.  But  this  layer  of  gray  matter,  in  each  principal  por- 
on  of  the  brain,  is  continuous  throughout.  There  is  no  anatomical 
ivision  or  limit  between  its  different  parts,  like  those  between 
le  different  ganglia  in  other  portions  of  the  nervous  system ;  and 
)n8equently  such  divisions  of  the  cerebrum  and  cerebellum  must 
3  altogether  arbitrary  in  character,  and  not  dependent  on  any 
latomical  basis. 

Secondly,  the  only  means  of  ascertaining  the  location  of  the 
ifferent  mental  traits,  supposing  them  to  occupy  different  parts  of 
le  brain,  would  be  that  adopted  by  Gall  and  Spurzheim,  viz.,  to 
ake  an  accurate  comparison,  in  a  sufficient  number  of  cases,  of  the 
rm  of  the  head  in  individuals  of  known  character.  But  the  prac- 
3al  difficulty  of  accomplishing  this  is  very  great.  It  requires  a 
ng  acquaintance  and  close  observation  to  learn  accurately  the 
laracter  of  a  single  person ;  and  it  is  in  this  kind  of  observation, 
ore  than  in  any  other,  that  we  are  proverbially  liable  to  mistakes. 
.  is  extremely  improbable,  therefore, 
lat  either  Grail  or  Spurzheim  could,  in 
single  lifetime,  have  accomplished  this 
>mparison  in  so  many  instances  as  to 
iraish  a  reliable  basis  for  the  construe- 
on  of  a  phrenological  chart. 

A  still  more  serious  practical  difficulty, 
jwever,  is  the  following.  The  different 
itellectual  faculties  being  supposed  to 
(side  in  the  layer  of  gray  substance  con- 
ituting  the  surfaces  of  the  cerebrum 
id  cerebellum,  they  must  of  course  be 
istributed  throughout  this  layer,  where- 
rer  it  exists.  Gall  and  Spurzheim 
icated  all  the  mental  faculties  in  those 
irts  of  the  brain  which  are  accessible  to  external  exploration. 


Fig.  161. 


Diagram  of  the  B m  a i if  is  1 1 t v, 
•huwing  thoar  porttons  which  are  oX' 
poaed  to  ezamioatlon. 
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An  examination  of  different  sections  of  the  brain  will  .^how,  h 
ever,  that  the  greater  portion  of  the  gray  substance  is  so  placfd, 
that  its  quantity  cannot  be  estimated  by  an  external  examioatioa 
through  the  skull.  The  only  portions  which  are  exposed  to  suck 
an  examiDation  are  the  upper  and  lateral  portions  of  the  convex^ 
ities  of  the  hemispheres,  together  with  the  posterior  edge  and  part 
ofthe  under  surface  of  the  cerebellum.  (Fig.  151.)  A  very  exteasin 
portion  of  the  cerebral  surface,  however,  remains  concealed  in  soi 
a  manner  that  it  cannot  possibly  bo  subjected  to  examination,  viz, 
the  entire  base  of  the  brain,  with  the  under  surface  of  the  iiQie> 
rior  and  middle  lobes  (i,  a);  the  upper  surface  of  the  cercbclluin 
(3)  and  the  inferior  surface  of  the  posterior  lobe  of  the  cerebrua 
which  covers  it  (4) ;  tbat  portion  of  the  cerebellum  situated  above  tU 
medulla  oblongata  (i);  and  the  two  opposite  convoluted  surfaces  ia' 
the  fissure  of  Sylvius (e,  i),  where  the  anterior  and  middle  lobe*  of' 
the  cerebrum  lie  in  contact  with  each  other.  The  whole  extent 
also,  of  the  cerebral  surfaces  which  are  opposed  to  each  other  b  the 
great  longitudinal  fissure  (Fig.  1.52),  throughout  its  entire  length, 
are  equally  protected  by  their  position,  and 
concealed  from  external  examination.  The 
whole  ofthe  convoluted  surface  ofthe  brain 
must,  however,  be  regarded  as  of  equal  im- 
portance in  the  distribution  of  the  mental 
qualities ;  and  yet  it  ia  evident  that  not 
more  than  one-third  or  one-quarter  of  this 
surface  is  so  placed  that  it  can  be  examined 
by  external  manipulation.  It  must  further- 
more be  recollected  that  the  gray  matter  of 
the  cerebrum  and  cerebellum  is  everywhere 
convoluted,  and  that  the  convolutions  pene- 
trate to  various  depths  in  the  substance  of 
the  brain.  Even  if  we  were  able  to  feel,  therefore,  the  exteriuJ 
surface  of  the  brain  itself,  it  would  not  be  the  entire  coovolutioi* 
but  only  their  superficial  etlges,  that  we  should  really  be  aUete 
examine.  And  yet  the  amount  of  gray  matter  contained  in  a  giteu 
space  depends  quite  as  much  upon  the  depth  to  which  thecontoln- 
tions  penetrate,  as  upon  the  prominence  of  their  edges. 

Wliile  ])hrenology,  therefore,  is  partially  founded  upon  bcIcbo*- 
ledged  physiological  facts,  there  are  yet  essential  deficiencies  in  ii* 
scientific  basis,  as  well  as  insurmountable  difficulties  in  the  warc^ 
its  practical  application. 


■howtny  deplk  ot  (jmt  Ua^ 
lad  Ink)  ftnmrv,  U  ». 
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Cebebelluh. — ^The  cerelselluin  is  the  second  ganglion  of  the 
encephalon,  in  respect  to  size.  If  it  be  examined,  moreover,  in 
Ti^ard  to  the  form  and  disposition  of  its  convolutions,  it  will  be 
seen  that  these  are  much  more  complicated  and  more  numerous 
than  in  the  cerebrum,  and  penetrate  much  deeper  into  its  substance. 
Though  the  cerebellum  therefore  is  smaller,  as  a  whole,  than  the 
cerebrum,  it  contains,  in  proportion  to  its  size,  a  much  larger  quan- 
tity of  gray  matter. 

In  examining  the  comparative  development  of  the  brain,  also,  in 
different  classes  and  species  of  animals,  we  find  that  the  cerebellum 
nearly  always  keeps  pace,  in  this  respect,  with  the  cerebrum.  These 
&cts  would  lead  us  to  regard  it  as  a  ganglion  hardly  secondary  in 
importance  to  the  cerebrum  itself. 

Physiologists,  however,  have  thus  far  failed  to  demonstrate  the 
nature  of  its  function  with  the  same  degree  of  precision  as  that  of 
many  other  parts  of  the  brain.  The  opinion  of  Gall,  which  located 
in  the  cerebellum  the  sexual  impulse  and  instincts,  is  at  the  present 
day  generally  abandoned;  for  the  reason  that  it  has  not  been  found 
to  be  sufficiently  supported  by  anatomical  and  experimental  facts, 
many  of  which  are  indeed  directly  opposed  to  it.  ITie  opinion 
which  has  of  late  years  been  received  with  the  most  favor  is  that 
first  advocated  by  Flourens,  which  attributes  to  the  cerebellum  the 
power  of  associating  or  "co-ordinating"  the  different  voluntary 
movements. 

It  is  evident,  indeed,  that  such  a  power  does  actually  reside  in 
some  part  of  the  nervous  system.  No  movements  are  effected  by 
the  independent  contraction  of  single  muscles;  but  always  by 
several  muscles  acting  in  harmony  with  each  other.  The  number 
and  complication  of  these  associated  movements  vary  in  different 
elates  of  animals.  In  fish,  for  example,  progression  is  accom- 
plwhed  in  the  simplest  possible  manner,  viz.,  by  the  lateral  flexion 
and  extension  of  the  vertebral  column.  In  serpents  it  is  much  the 
same.  In  frogs,  lizards,  and  turtles,  on  the  other  hand,  the  four 
jointed  extremities  come  into  play,  and  the  movements  are  some- 
what complicated.  They  are  still  more  so  in  birds  and  quadrupeds; 
and  finally,  in  the  human  subject  they  become  both  varied  and 
complicated  in  the  highest  degree.  Even  in  maintaining  the  ordi- 
nary postures  of  standing  and  sitting,  there  are  many  different  mus- 
cles acting  together,  in  each  of  which  the  degree  of  contraction,  in 
order  to  preserve  the  balance  of  the  body,  must  be  accurately  pro- 
portioned to  that  of  the  others.    In  the  motions  of  walking  and 
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running,  or  in  the  still  more  delicate  movements  of  the  bands  and 
fingers,  this  harmony  of  muscular  action  becomes  still  more  evident, 
and  is  seen  also  to  be  absolutely  indispensable  to  the  efficiencv  dt 
the  muscular  apparatus. 

The  opinion  which  locates  the  above  harmonizing  or  associating 
power  in  the  cerebellum  was  first  suggested  by  the  effects  obsesnrri 
after  experimentally  injuring  or  destroying  this  part  of  the  brain. 
If  the  cerehellura  be  exposed  in  a  living  pigeon,  and  a  portion  of 
its  substance  removed,  the  animal  exhibits  at  once  a  pecuUar  ub- 
certainty  in  bis  gait,  and  in  the  movement  of  his  winga.  If  tbo 
injury  be  more  extensive,  he  loses  altogether  the  power  of  lli^ 
and  can  walk,  or  even  stand,  only  with  great  difficulty.  This  itnoT 
owing  to  any  actual  paralysis,  for  the  movements  of  the  limbe  tit 
exceedingly  rapid  and  energetic;  but  is  due  to  a  peculiar  want  of 
control  over  the  muscular  contractions,  precisely  similar  Ui  th»t 
which  is  seen  in  a  man  in  a  state  of  intoxication.  The  moveinrai 
of  the  legs  and  wings,  though  forcible  and  rapid,  are  confused  M<k 
blundering;  so  that  the  animal  cannot  direct  his  steps  to  any  par- 
ticular spot,  nor  stipport  himself  in  the  air  by  Bight.  He  reek 
tumbles,  but  can  neither  walk  nor  fly. 


Fig.  158. 


PlaCOit,  JiTTRl  Rbnotai.  nrTBSClRKBeLLCM. 


The  senses  and  intelligence  at  the  same  time  are  unimpnirccl.   «* 
is  extremely  curious,  as  first  remarked  by  Longet,  to  compaa*  tka 
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ifferent  phenomena  produced  by  removal  of  the  cerebrum  and 
lat  of  tbe  cerebellum.  If  we  do  these  operations  upon  two  dif- 
rent  pigeons,  and  place  the  animals  side  by  side,  it  will  be  seen 
at  the  first  pigeon,  from  whom  the  cerebrum  only  has  been  re- 
eved, remains  standing  firmly  upon  his  feet,  in  a  condition  of 
uplete  repose ;  and  that  when  aroused  and  compelled  to  stir,  he 
VGa  sluggishly  and  unwillingly,  but  otherwise  acts  in  a  perfectly 
Ji"al  manner.  The  second  pigeon,  on  the  other  hand,  from 
»na  the  cerebellum  only  has  been  taken  away,  is  in  a  constant 
»  of  agitation.  He  is  easily  terrified,  and  endeavors,  frequently 
I  violent  struggles,  to  escape  the  notice  of  those  who  are 
ihitig  him;  but  his  movements  are  sprawling  and  unnatural, 
are  evidently  no  longer  under  the  effectual  control  of  the  will. 
.  lo8.)  If  the  entire  cerebellum  be  destroyed,  the  animal  is 
onger  capable  of  assuming  or  retaining  any  natural  posture. 
'ega  and  wings  are  almost  constantly  agitated  with  ineffectual 
5gles,  which  are  evidently  voluntary  in  character,  but  are  at 
*»*-me  time  altogether  irregular  and  confused.    Death  generally 

*  place  after  this  operation  within  twenty-four  hours. 

«  have  often  performed  the  above  operation,  and  always  with 
'arne  effect.    Indeed  there  are  few  experiments  that  have  been 

*  v»pon  the  nervous  system,  which  give  results  so  uniform  and 
■^Ustant  as  this.  Taken  by  themselves,  these  results  would 
**iubly  sustain  the  theory  of  Flourens,  which,  indeed,  is  founded 
'el J-  upon  them. 

'^t;  we  have  met  with  another  very  important  fact,  in  this  respect, 
*H  for  a  long  time  escaped  notice.  That  is,  that  birds,  which 
-  lost  their  power  of  muscular  co-ordination  from  injury  of  the 
•^ellum,  may  recover  this  power  in  process  of  time,  notwithstanding 

*  large  portion  of  thecerebellum  has  been  permanently  removed. 
^lly  such  an  operation  upon  the  cerebellum,  as  we  have  men- 
s>d.  above,  is  fatal  within  twenty -four  hours,  probably  on  account 
^e  close  proximity  of  the  medulla  oblongata.  But  in  some 
Alices,  the  pigeons  upon  which  we  have  operated  have  survived, 

in  these  cases  the  co-ordinating  power  became  re-established. 
^i  the  first  of  these  instances,  about  two-thirds  of  the  cerebellum 
'  taken  away,  by  an  opening  in  the  posterior  part  of  the  cranium. 
•Mediately  aft«r  the  operation,  the  animal  showed  all  the  usual 
*cta  of  the  operation,  being  incapable  of  flying,  walking,  or  even 
*ding  still,  but  reeled  and  sprawled  about  in  a  perfectly  helpless 
*nner.    In  the  course  of  five  or  six  days,  how6ver,  he  had  regained 
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a  very  considerable  control  over  the  voluntary  movements, 
the  end  of  sixteen  days  his  power  of  muscular  co-ordinali 
so  nearly  perfect,  that  its  deficiency,  if  any  existed,  was  impenxp- 
tible.  He  was  then  killed ;  and  on  examination,  it  was  found  tint 
his  cerebellum  remained  in  nearly  the  same  condition  as  immediatelj 
after  the  operation ;  about  two-thirds  of  its  substance  being  deficieBt 
and  no  attempt  having  been  made  at  regeneration  of  the  loet  par* 
The  accompanying  figures,  154  to  157,  show  the  appearauM^ 
this  case,  as  compared  with  the  brain  of  a  healthy  pigeon. 

We  have  also  met  with  three  other  cases,  similar  to  the  aboT«;i« 
which  about  one-half  of  the  cerebellum  was  removed  by  openUOQ^ 
The  loss  of  co-ordinating  power,  immediately  after  the  opcratiot^ 
though  less  complete  than  in  the  instance  above  mentioned,  •* 
perfectly  well  marked  in  character ;  and  in  little  more  than  •  fcrt* 


Pig.  164. 
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Braiv  or  Hbaltht  Pioioir— Proflla 
▼lew.— 1.  H«[atii]>ber«.  2  Optic  lat><>rcle,  3. 
Cor«b<itlU0.  4.  Optic  aarve.  6.  Medalla  ob- 
longata. 

Fin.  166. 


Bkaix  «y  OriKATiD  Pi«ni 
Prott«  t1«w— thoviar  tb«  ai 
of  oerebellTim. 

Fig.  157. 


Bkaih  or   lltALTiir    riuioa— Poite- 
tior  view. 


Brais  op  Opikativ  rioi«a 
Po«terlor  Tlew— tbowlbf  lb« 
Uon  of  rerebcllam 


night  the  animals  had  nearly  or  quite  recovered  the  nataral  eoi 

of  their  motions. 

It  is  evident  that  in  these  cases,  if  the  theory  of  Flourens 
rect,  two  difterent  eftects  are  produced  simultaneously  by  tb« ' 
atioD,  whicli  ought  to  be  carefully  distinguished  from  each 
The  first  of  these  effects  is  the  shock  due  to  the  sudden  injury 
the  cerebellum  at  a  whole.     This  effect  is  temporary,  and  may  be 
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"ed  from  in  time,  provided  the  animal  be  sufficiently  strong 
rvive  the  immediate  results  of  the  operation.  The  remaining 
is  that  due  simply  to  the  loss  (^the  nervous  substance;  and  this 
d  effect  must  of  course  be  permanent;  unless  the  nervous  mat- 
}  regenerated.  In  the  cases  detailed  above,  the  greatest  amount 
(tur banco  seems  to  have  depended  upon  the  sudden  injury  to 
ervous  centre  as  a  whole ;  and  as  the  immediate  effect  of  this 
f  passed  off,  the  animals  recovered,  to  a  very  great  extent, 
power  of  muscular  co-ordination,  notwithstanding  that  from 
alf  to  two-thirds  of  the  substance  of  the  cerebellum  had  been 
anently  lost.  It  must  be  remembered,  however,  that  birds, 
.  confined  to  the  limited  space  of  a  laboratory,  have  no  oppor- 
y  of  exercising  the  more  complicated  and  active  movements 
b  are  natural  to  them  in  a  condition  of  freedom ;  and  accord- 
',  they  might  not  show  any  great  deficiency  of  muscular  co- 
tation  while  in  a  state  of  confinement,  and  might  still  be  quite 
table  of  executing  the  rapid  and  various  movements  of  natural 
•• 

birds,  therefore,  the  simpler  motions  may  continue  to  be  per- 
sd  with  only  a  part  of  the  cerebellum  remaining ;  but  we  are 
are  that,  even  in  these  cases,  a  portion  of  the  co-ordinating 
r,  corresponding  with  the  destruction  of  nervous  substance, 
-ot  been  permanently  lost. 

rthermore,  there  are  many  facts  derived  from  comparative  anat- 
which  seem  to  favor  the  opinion  of  Flourens.  If  we  compare 
ent  classes  of  animals  with  each  other,  as  fish  with  reptiles,  or 
with  quadrupeds,  in  which  the  development  and  activity  of  the 
3  nervous  system  vary  extremely,  the  results  of  the  comparison 
be  often  contradictory.  But  if  the  comparison  be  made  be- 
a  different  species  in  which  the  general  structure  and  plan  of 
lization  are  similar,  we  often  find  the  development  of  the  cere- 
m  to  correspond  very  closely  with  the  perfection  and  variety 
3  voluntary  movements.  The  frog,  for  example,  is  an  aquatic 
le,  provided  with  anterior  and  posterior  extremities ;  but  its 
tments,  though  rapid  and  vigorous,  are  exceedingly  simple  in 
«ter,  consisting  of  little  else  than  flexion  and  extension  of  the 
rior  limbs.  The  cerebellum  in  this  animal  is  exceedingly 
,  as  compared  with  the  rest  of  the  brain ;  being  nothing  more 
a  thin,  narrow  ribbon  of  nervous  matter,  stretched  across  the 
r  part  of  the  fourth  ventricle.  In  the  common  turtle  we  have 
ler  aquatic  reptile,  where  the  movements  of  swimming,  diving, 
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progression,  &c.,  are  accomplished  by  the  consentaneous 
anterior  and  posterior  extremities,  and  where  the  motions  ol 
head  and  neck  are  also  much  more  varied  than  in  the  frog.  In 
this  instance  the  cerebellqm  is  very  much  more  highly  developed 
than  in  the  former.  In  the  alligator,  again,  a  reptile  whose  motions 
butli  of  the  head,  limbs,  and  tail  approach  very  closely  to  those  of 
the  quadrupeds,  the  cerebellum  is  still  larger  in  proportion  to  the 
reuiiiiiiing  ganglia  of  the  encephalon. 

On  the  other  luiud,  morbid  alterations  of  the  cerebellum,  pM- 
ticularly  of  a  chronic  nature,  such  aa  slow  infiummations,  absooaM^ 
tumors,  &c.,  have  oileu  been  observed  in  the  human  subject*  witb 
out  giving  rise  to  any  marked  disturbance  of  the  voluntary  mow- 
ments. 

The  complete  function  of  the  cerebellum,  accordingly,  as  a  ner- 
vous centre,  cannot  be  regarded  as  positively  ascertained  ;  butw 
far  as  we  may  rely  on  the  results  of  direct  experiment,  this  orgau 
has  evidently  such  an  intimate  and  peculiar  connection  with  tb< 
voluntary  movements,  that  a  sudden  injury  inflicted  upon  its  sub- 
stance is  always  followed  by  an  immediate  and  strongly  marbjd 
disturbance  of  the  co-ordinating  power. 

TuBERCULA  QuADRlGKMlxA. — These  bodies,  notwithstanding 
their  small  size,  are  very  important  in  regard  to  their  function. 
They  give  origin  to  the  optic  nerves,  and  preside,  as  ganglia,  orer 
the  sense  of  sight ;  on  which  account  they  are  also  known  hjr  the 
name  of  the  "optic  ganglia."  Their  development  corresponds renr 
closely  with  that  of  the  external  organs  of  vision.  Thus,  therwc 
large  in  lish,  reptiles,  and  birds,  in  which  the  eyeball  is  for  the 
most  part  very  large  in  proportion  to  the  entire  head;  and  aresaiijl 
in  quadrupeds  and  in  mnn,  where  the  eyeball  is,  coroparalJTelT 
speaking,  of  insignificant  .size.  Direct  experiment  also  shi)«Tttb« 
close  connection  between  the  tubercula  quadrigemina  and  the  senif 
of  sight.  Section  of  the  optic  nerve  at  any  point  between  tb* 
retina  and  the  tubercles,  produces  complete  blindness;  and  dcstrnc- 
tion  of  the  tubercles  themselves  has  the  same  effect.  But  if  the 
division  be  mafle  between  the  tubercles  and  the  cerebrum,  or  if  the 
cerebrum  itself  be  taken  away  while  the  tubercles  are  left  un- 
touched, vision,  as  we  have  already  seen,  still  remains.  It  is  tk 
tubercles,  therefore,  in  which  the  impres.sion  of  light  is  perceived, 
So  long  as  these  ganglia  are  uninjured  and  retain  their  connection 
with  the  eye,  vision  remains.     As  soon  as  this  connection  is  cut 
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or  the  ganglia  themselves  are  injured,  the  power  of  vision  ia 
destroyed. 

The  tubercula  quadrigemina  not  only  serve  as  nervous  centres 
for  the  perception  of  light,  but  a  reflex  action  also  takes  place 
through  them,  by  which  the  quantity  of  light  admitted  to  the  eye 
is  regulated  to  suit  the  sensibility  of  the  pupil  In  darkness  and 
in  twilight,  or  wherever  the  light  is  feeble,  the  pupil  is  enlarged 
by  relaxation  of  its  circular  fibres,  so  as  to  admit  as  large  a  quan* 
tity  of  light  as  possible.  On  first  coming  into  a  dark  room,  ac- 
cordingly, everything  is  nearly  invisible;  but  gradually,  as  the 
pupil  dilates  and  as  more  light  is  admitted,  objects  begin  to  show 
themselves  with  greater  distinctness,  and  at  last  we  can  see  toler- 
ably well  in  a  place  where  we  were  at  first  unable  to  perceive  a 
single  object.  On  the  other  hand,  when  the  eye  is  exposed  to  an 
unusually  brilliant  light,  the  pupil  contracts  and  shuts  out  so  much 
of  it  as  would  Ims  injurious  to  the  retina. 

The  above  is  a  reflex  action,  in  which  the  impression  received  by 
the  retina  is  transraittefl  along  the  optic  nerve  to  the  tubercula 
quiidrigemina.  From  the  tubercles,  a  motor  impulse  is  then  sent 
out  through  the  motor  nerves  of  the  eye  and  the  filaments  dis- 
tributed to  the  iris,  and  a  contraction  of  the  pupil  takes  place  in 
consequence.  The  optic  nerves  act  here  as  sensitive  fibres,  which 
convey  the  impression  from  the  retina  to  the  ganglion ;  and  if 
tbey  be  irritated  in  any  part  of  their  course  with  the  point  of  a 
needle,  the  result  is  a  contraction  of  the  pupiL  This  influence  ia 
not  communicated  directly  from  the  nerve  to  the  iris^  but  is  first 
sent  inward  to  the  tubercles,  to  be  afterward  reflected  outward  by 
the  motor  nerves.  So  long  as  the  eyeball  remains  in  connection 
with  the  brain,  mechanical  irritation  of  the  optic  nerve,  as  we  have 
shown  above,  causes  contraction  of  the  pupil ;  but  if  the  nerve  be 
divided,  and  the  extremity  which  remains  in  connection  with  the 
eyeball  be  subjected  to  irritation,  no  effect  upon  the  pupil  is  pro- 
duced. 

The  anatomical  arrangement  of  the  optic  nerves,  and  the  connec- 
tions of  the  optic  tubercles,  are  modified  in  a  remarkable  degree  in 
did'erent  animals,  to  corres[x>nd  with  the  position  of  the  two  eyes. 
In  fish,  for  example,  the  eyes  are  so  placed,  on  opposite  sides  of  the 
head,  that  their  axes  cannot  be  brought  into  parallelism  with  each 
other,  and  the  two  eyes  can  never  be  directed  together  at  the  same 
object.  In  these  animals,  the  optic  nerves  cross  each  other  at  the 
base  of  the  brain  without  any  intermixture  of  their  fibres;  that 
29 


450 


THE    BRAIX. 


from  the  right  optic  tubercle  passing  to  the  left  eye,  and  that " 
the  left  optto  tubercle  passing  to  the  right  eye.  (Fig.  158.)    TheJ 


Fig.  168. 


Fig.  159. 


iKfERIOB  SvmWACK      OP  BbAIS 

OF  Cod.— 1.  BIgbt  optic  norTe.  2.  Lait 
optic  D«rTB,  S  RIgtitoptIo tubercle,  4. 
Left  opite  latMircls.  It,  6.  UcmliphftrM. 
7.   Uedalla  ublonjfKtA. 


IvpEBioR  gvtrAcu  or  Bmii  er 
,TowL.— I.  Rii^ht  optic  aorr*.  %  helt  opOt 
botve.  3.  Rlyht  optto  lutnrto  4  UA 
opile  iol>ercl«.  S,  0.  H«Md*pb««k  f.  1^ 
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nervous  cords  are  here  totally  distinct  from  each  other  throtigbout 
their  entire  length ;  and  are  only  connected,  at  the  point  of  cros*- 
ing,  by  intervening  areolar  tissue.  Impressions  made  on  the  rigb 
eye  must  therefore  be  perceivetl  on  the  left  side  of  the  brain;  while 
those  which  enter  the  left  eye  are  conveyed  to  the  right  side  of  ibe 
brain. 

In  birds,  also,  the  axes  of  the  two  eyes  are  so  widely  divergent  tbit 
near  objects  cannot  probably  be  in  exact  focus  for  both  of  them  i* 
the  same  time.  The  oi>tic  nerves  are  here  united,  and  appareollf 
soldered  together,  at  their  point  of  crossing;  but  the  decussation  oi 
their  fibres  is  nevertheless  complete.  (Fig.  159.)  The  nervous  fil» 
ments  coming  from  the  left  side  pass  altogether  over  to  the  rigiit'. 
and  thaso  coming  from  the  right  side  pass  over  to  the  left.  The 
result  of  direct  experiment  on  the  crossed  action  of  the  luberole*  in 
these  animals  corresponds  with  the  anatomical  arrangement  of  the 
nervous  fibres.  If  one  of  the  optic  tubercles  be  destroyed  in  tb< 
pigeon,  complete  blindness  is  at  once  produced  in  the  eye  of  ^ 
opposite  side ;  but  vision  remains  unimpaired  in  the  eye  of  the  sdi 
on  which  the  injury  was  inflicted. 


t 
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In  the  human  subject,  on  the  other  hand,  where  the  visual  axes 
nre  parallel,  and  where  both  eyes  are  simukaneoiisly  directed  toward 
the  same  object,  the  optic  nerves  decussate  with  each  other  in  such  a 
manner  as  to  form  a  connection  between  the  two  opposite  sides,  as 
well  as  between  each  tubercle  and  retina  of  the  same  side.  (Fig. 
160.)  This  decussation,  which  is  somewhat  complicated,  takes  place 
in  the  following  manner.  From  each  optic  tubercle  three  different 
bundles  or  "tracts"  of  nervous  fibres  are  given  oft"  One  set  passes 
across  transversely  at  tlie  point  of  decussation,  and,  turning  back- 
wanl,  terminates  in  the  tubercle  of  the  opposit-e  side ;  another,  cross- 
ing diagonally,  continues  onward  to  the  opposite  eyeball;  while  a 
third  passes  directly  forward  to  the  eyeball  of  the  same  side.  A 
fourth  set  of  fibres,  still,  pjis-ses  across  in  front  of  the  decussation, 
from  the  retina  of  one  eye  to  that  of  the  opposite  side.  We  have, 
therefore,  by  this  arrangement,  the  two  retina),  as  well  as  the  two 
optic  tubercles,  connected  with  each  other  by  commissural  fibres; 
while  each  tubercle  is,  at  the  same  time,  connected  both  with  its 
own  retina,  and  with  that  of  the  opposite  side.  It  is  undoubtedly 
owing  to  these  connections  that  when,  in  the  human  subject,  the 
eyes  are  directed  in  their  proper  axes,  the  two  retin»,  as  well  as 
the  two  optic  tubercles,  act  as  a  single  organ.     Vision  is  single, 
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tberefore,  though  tbere  are  two  images  upon  the  retiiUB.  Double, 
vision  occurs  only  when  the  eyeballs  are  turned  out  of  their  pruper 
direction,  so  that  the  parallelism  of  their  axes  ia  lost,  and  the  imi^ 
no  longer  falls  upon  corresponding  parts  of  the  two  retinaa. 


J 


Tuber  Annulake. — The  collection  of  gray  matter  imbedi 
the  deeper  portions  of  the  tuber  annulare  occupies  a  situation  not 
the  central  part  of  the  brain,  and  lies  directly  in  the  coarse  of  the 
ascending  fibres  of  the  anterior  and  posterior  columns  of  the  oorl 
This  ganglion  is  immediately  connected  with  the  functions  of  sena- 
tion  and  voluntary  motion.  "We  have  already  seen  thai  these  func- 
tions are  not  destroyed  by  taking  away  the  cerebrum,  and  that  they 
also  remain  after  removal  of  the  cerebellum.  According  to  the  ex- 
periments of  Longet,  even  at^er  complete  removal  of  the  olfadorT 
ganglia,  the  cerebrum,  cerebellum,  optio  tubercles,  corpora  striata 
and  optic  Ihalami,  and  when  nothing  remains  in  the  cavity  of  the 
cranium  but  the  tuber  annulare  and  the  medulla  oblongai 
animal  is  still  sensitive  to  external  impressions,  and  will  sti 
deavor  by  voluntary  movements  to  escape  from  a  painful  irritatioB, 
The  same  observer  has  foutid,  however,  that  as  soon  as  the  gangitoD 
of  the  tuber  annulare  is  broken  up,  all  manifestations  of  senaatioo 
and  volition  cease,  and  even  consciousness  no  longer  app««n  1o 
exist.  The  only  movements  which  then  follow  external  irritolioa 
are  the  occasional  convulsive  motions  which  are  due  to  reflex  acboo 
of  the  spinal  cord,  and  which  may  be  readily  distinguished  fpwn 
those  of  a  voluntary  character.  The  animal,  under  these  circam 
stances,  is  to  ali  appearance  reduced  to  the  condition  of  a  deid 
body,  except  for  the  movements  of  respiration  and  circulatiofl. 
which  stili  go  on  for  a  certain  time.  The  tuber  annulare  dok 
therefore  be  regarded  as  the  ganglion  by  which  invpression^,  coo- 
veyed  inward  through  the  nerves,  are  first  converted  into  coascioa- 
sensations;  and  in  which  the  voluntary  impulses  originate,  which 
stimulate  the  muscles  to  contraction. 

We  must  carefully  distinguish,  however,  in  this  respect,  a  «Jtn{il« 
sensation  from  the  ideas  to  which  it  gives  origin  in  the  mind,  wl 
the  mere  act  of  volition  from  the  train  of  thought  which  leads  to 
it.  Both  these  purely  mental  operations  take  place,  as  we  kave 
seen,  in  the  cerebrum;  for  mere  sensation  and  volition  may  exi^ 
independently  of  any  intellectual  action,  as  they  may  exist  aftw 
the  cerebrum  has  been  destroyed.  A  sensation  may  l>e  felt,  for 
example,  without  our  having  the  power  of  thoroughly  appreciation 
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iu  or  of  referring  it  to  its  proper  source.  This  condition  is  often 
experienced  in  a  state  of  deep  sleep,  when,  the  body  being  exposed 
to  oold,  or  accidentally  placed  in  a  constrained  position,  wo  feel  a 
sense  of  suffering  without  being  able  to  understand  its  cause.  We 
may  even,  under  such  circumstances,  execute  voluntary  movements 
to  escape  the  cause  of  annoyance;  but  these  movements,  not  being 
directed  by  any  active  intelligence,  fail  of  accomplishing  their  ob- 
ject. We  therefore  remain  in  a  state  of  discomfort  until,  on  awak- 
ening, the  activity  of  the  reason  and  judgment  is  restored,  when  the 
offending  cause  is  at  once  removed. 

We  distinguish,  then,  between  the  simple  power  of  sensation, 
and  the  power  of  fully  appreciating  a  sensitive  impre.ssion  and  of 
drawing  a  conclusion  from  it.  We  distinguish  also  between  the 
intellectual  process  which  leads  us  to  decide  upon  a  voluntary 
movement,  and  the  act  of  volition  itself.  The  former  must  precede, 
the  latter  must  follow.  The  former  takes  place,  so  far  as  experi- 
ment can  show,  in  the  cerebral  hemispheres ;  the  latter,  in  the  gan- 
glion of  the  tuber  annulare. 

Medulla  Oblongata. — The  last  remaining  division  of  the  en- 
ocpbalon  is  the  medulla  oblongata.  The  most  important  ganglion 
contained  in  this  part  is  the  " pneumogastric  ganglion,"  or  "nu- 
cleus," imbedded  in  the  substance  of  the  restiform  body,  and  occu 
pying  the  middle  and  posterior  portions  of  the  medulla,  where  tbp 
fibres  of  the  pneumogastric  nerve  take  their  origin.  This  portion 
of  the  brain  has  long  been  known  to  be  particularly  essential  to  the 
preservation  of  life ;  so  that  it  has  received  the  name  of  the  "vital 
point/'  or  the  "  vital  knot."  All  the  other  parts  of  the  brain  may 
be  injured  or  removed,  as  we  have  already  seen,  without  the  imme- 
diate and  necessary  destruction  of  life;  but  so  soon  as  the  medulla 
oblongata  is  broken  up,  and  its  ganglion  destroyed,  respiration 
ceases  instantaneously,  and  the  circulation  also  soon  comes  to  an 
end.  Removal  of  the  medulla  oblongata  produces,  therefore,  as  its 
immediate  and  direct  result,  a  stoppage  of  respiration :  and  death 
takes  place  principally  as  a  consequence  of  this  fact. 

Flourens  and  Longet  have  determined,  with  considerable  accu- 
racy, the  precise  limits  of  this  vital  spot  in  the  medulla  oblongata. 
Flourens  ascertained  that  in  rabbits  it  extended  from  just  above 
the  origin  of  the  pneumogastric  nerve,  to  a  level  situated  three  lines 
and  a  half  below  this  origin.  In  larger  animals,  its  extent  is  pro- 
portionally increased.  Longet  ascertained,  furthermore,  that  the 
properties  of  the  medulla  were  not  the  same  throughout  its  entire 
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tbickness;  but  that  its  posterior  and  anterior  parts  might  heJ^ 
strojed  with  comparative  impunity,  tlie  peculiarly  vital  spot  being 
confined  to  the  intermediate  portions.  This  vital  point  ncoordingir 
is  situatetl  in  the  layer  of  gray  matter.  imbe<lded  in  the  thtckoes 
of  the  rcstiform  bodies,  which  has  been  previously  spoken  of « 
giving  origin  to  the  pneutjiogastric  nerves. 

The  precise  nature  of  the  connection  between  this  ganglion  aod 
the  function  of  respiration  may  be  described  as  follows.  The 
movements  of  respiration,  which  follow  each  other  with  incessant 
regularity  through  the  whole  period  of  life,  are  not  voludtarr 
movements.  We  may  to  a  certain  extent^  hasten  or  retanl  thetc 
at  will,  but  our  power  over  them,  even  in  this  rear>ect,  is  exlronidj 
limited;  and  in  point  of  fact  they  are  performed,  during  thegreaier 
part  of  the  time,  in  a  perfectly  quiet  and  regular  manner,  without 
our  volition  and  even  without  our  consciousness.  They  c^ntinne 
uninterruptedly  through  the  deepest  slumber,  and  even  in  a  ooe- 
dition  of  insensibility  from  accident  or  disease. 

These  movements  are  the  result  of  a  reflex  action  taking  pl5« 
through  the  medulla  oblongata.  The  impression  which  gives  ri* 
to  them  originates  prineip.ally  in  the  lungs,  from  the  accumolttkra 
of  carbonic  acid  in  the  pulmonary  vessels  and  air-cells,  ia  trui*- 
mitted  by  the  pneumoKastric  nerves  to  the  medulla,  and  is  thence 
reflected  along  the  motor  nerves  to  the  respiratory  muscles  The* 
muscles  are  then  called  into  action,  producing  an  expanaoo  of 
the  cheat.  The  impression  so  conveyed  to  the  medulla  is  dsiuIIt 
unpcrceived  by  the  consciousness.  It  is  generally  converted  directij 
into  a  motor  impulse,  without  attracting  our  attention  or  givia^ 
rise  to  any  conscious  sensation.  Respiration,  accordingly,  goeitiO 
perfectly  well  without  our  interference  and  without  our  knowled^ 
The  nervous  impression,  however,  conveyed  to  the  medulla^  though 
usually  imperceptible,  may  be  made  evident  at  any  time  by  toIoU' 
tarily  suspending  the  respiration.  As  the  carbonic  acid  begii^to 
accumulate  in  the  blood  and  in  the  lungs,  a  peculiar  sensation  makw 
itself  felt,  which  grows  stronger  and  stronger  with  every  motoeni. 
and  impels  us  to  recommence  the  movements  of  inspiration.  Thii 
peculiar  sensation,  entirely  different  in  character  from  any  othcf,  u 
designated  by  the  French  under  the  name  of  "  besoin  de  roipirer. 
It  becomes  more  urgent  and  distressing,  the  longer  respiratiou  » 
suspended,  until  finally  the  impulse  to  expand  the  chest  can  no 
longer  be  resisted  by  any  effort  of  the  will. 

During  ordinary  respiration,  therefore,  each  inspiratory  mot*- 
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ment  is  excited  by  the  partial  vitiation  of  the  ftir  contained  in  the 
lungs.  As  soon  as  a  new  supply  has  been  inhak-d,  the  impulse  to 
respire  is  satisfied,  the  muscles  relax,  and  the  chest  collapses.  In 
a  few  seconds  the  previous  condition  recurs  and  the  same  move- 
ments are  repeated,  producing  in  this  way  a  regular  alternation  of 
inspirations  and  expirations. 

Since  the  movements  of  respiration  are  performed  partly  hy  the 
diaphragm  and  partly  by  the  intercostal  muscles,  they  will  be 
differently  modified  by  injuries  of  the  nervous  system,  according  to 
the  spot  at  which  the  injury  is  inflicted.  If  the  spinal  cord,  for 
example,  be  dividefl  or  compressed  in  the  lower  part  of  the  neck, 
all  the  intercostal  muscles  will  })e  necessarily  paralyzed,  and  respi- 
ration will  then  be  performed  entirely  by  the  diaphragm.  The 
oliest  in  these  cases  remaining  motionless,  and  the  abdomen  alone 
rising  and  falling  with  the  movements  of  the  diaphragm,  such 
respiration  is  called  "  abdominal"  or  "  diaphragmatic"  respiration. 
It  is  a  common  symptom  of  fracture  of  the  spine  in  the  lower 
cervical  region.  If  the  phrenic  nerve,  on  the  other  band,  be 
divided,  the  diaphragm  will  be  paralyzed,  and  respiration  will  then 
be  performed  altogether  by  the  rising  and  falling  of  the  ribs.  It 
is  then  called  "thoracic"  or  "costal"  respiration.  If  the  injury 
inflicted  upon  the  ppinal  cord  be  above  the  origin  of  the  second 
and  third  cervical  nerves,  both  the  phrenic  and  intercostal  nerves 
are  at  once  paralyzed,  and  death  necessarily  takes  place  from  suf- 
focation. The  attempt  at  respiration,  however,  still  continues  in 
these  cases,  showing  itself  by  ineffectual  inspiratory  movements  of 
the  mouth  and  nostrils.  Finally,  if  the  medulla  itself  be  broken  up 
by  a  steel  instrument  introduced  through  the  foramen  magnum,  so 
as  to  destroy  the  nervous  centre  in  which  the  above  reflex  action 
takes  place,  both  the  power  and  the  desire  to  breathe  are  at  once 
taken  away.  No  attempt  is  made  at  inspiration,  there  is  no  strug- 
gle, and  no  appearance  of  sufiering.  The  animal  dies  simply  by 
a  want  of  aeration  of  the  blood,  which  leads  in  a  few  moments  to 
an  arrest  of  the  circulation. 

It  is  owing  to  the  above  action  of  the  me<luna  oblongata  that  in- 
juries of  this  part  are  so  promptly  and  constantly  fatal.  When  the 
"  neck  is  broken,"  as  in  hanging  or  by  sudden  falls  upon  the  head, 
a  rupture  takes  jilace  of  the  transverse  ligament  of  the  atlas;  the 
bead,  together  with  the  first  cervical  vertebra,  is  allowed  to  slid^ 
forward,  and  the  medulla  is  compressed  between  the  odontoid  pro- 
cess of  the  axis  in  front  and  the  posterior  part  of  the  arch  of  the 
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atlas  behind.  In  cases  of  apoplexy,  where  any  part  of  the  bami- 
epheres,  corpora  striata,  or  optic  thalnmi,  is  the  seat  of  the  bemor- 
rhage,  the  patient  generally  lives  at  least  twelve  hours;  but  if  the 
hemorrhage  takes  place  in  the  medulla  itself,  or  at  the  base  of  ihc 
brain  in  its  immctliate  neighborhood,  so  as  to  compress  it*  sul>- 
stance,  death  follows  instantaneously,  and  by  the  same  mechanism 
as  where  the  medulla  is  intentionally  destroyed. 

An  irregularity  or  want  of  correspondence  in  the  movements  of 
respiration  is  accordingly  found  to  be  one  of  the  most  threatening 
of  all  symptoms  in  affections  of  the  brain.  A  disturbance  or0» 
pension  of  the  intellectual  powers  does  not  indicate  necessarily  sdj 
immediate  danger  to  life.  Even  sensation  and  volition  may  he  im- 
paired without  serious  and  direct  injury  to  the  organic  functioUi 
These  symptoms  only  indicate  the  threatening  progress  of  the  dis- 
ease, and  show  that  it  is  gradually  approaching  the  vital  centre.  It 
is  common  to  see,  however,  as  the  medulla  itself  begins  to  be  impli' 
"cated,  a  paralysis  first  showing  itself  in  the  respiratory  moveinentt 
of  the  nostrils  and  lips,  while  those  of  the  chest  and  abdomen  soil 
go  on  as  usual.  The  cheeks  are  then  drawn  in  with  every  in^irt- 
tion  and  puflfed  out  sluggishly  with  every  expiration,  the  ^o^H^^^ 
themselves  sometimes  participating  in  these  unnatural  raovemfflT 
A  still  more  threatening  symptom,  and  one  which  frequently  pre- 
cedes death,  is  an  irregular,  hesitating  respiration,  which  sometimei 
attracts  the  attention  of  the  physician,  even  before  the  remainiflg 
cerebral  functions  are  seriously  impaired.  These  phenomena  d^ 
pend  on  the  connection  between  the  respiratory  movements  and  the 
reflex  action  of  the  medulla  oblongata. 

We  have  now,  in  studying  the  functions  of  various  parts  of  the 
oerebro-spinal  system,  become  familiar  with  three  different  kinda  of 
reflex  action. 

The  first  is  that  of  the  spinal  cord.  Here,  there  is  no  proper 
sensation  and  no  direct  consciousness  of  the  act  which  is  performed. 
It  is  simply  a  nervous  impression,  coming  from  the  integument, 
and  transformed  by  the  gray  matter  of  the  spinal  cord  into  a  motor 
impulse  destined  for  the  muscles.  This  action  will  take  place  after 
the  removal  of  the  hemispheres  and  the  abolition  of  consciousoea^ 
as  well  as  in  the  ordinary  condition.  The  respiratory  action  of  the 
medulla  oblongata  is  of  the  same  general  character ;  that  is,  it  is  _ 
not  necessarily  connected  with  either  volition  or  consciousnen.  ■ 
The  only  peculiarity  in  this  instance  is  that  the  original  aerrooa 
impression  is  of  a  special  character,  and  its  ioflue&oe  is  finally 
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€xertetl  upon  a  special  muscular  apparatus.     Actions  of  ttis  nature 
are  termed,  par  excellence,  rtficz  actions. 

The  second  kind  of  reflex  action  takes  place  in  the  tuber  annu- 
lare. Here  the  nervous  impression,  which  is  conveyed  inward 
ffrora  the  integument,  inatead  of  stopping  at  the  spinal  cord,  passes 
onward  to  the  tuber  annulare,  where  it  first  gives  rise  to  a  oon- 
Boious  sensation;  and  this  sensation  is  immediately  followed  by  a 
Voluntary  act.  Thus,  if  a  crumb  of  bread  fall  into  the  larynx,  the 
bensation  produced  by  it  excites  the  movement  of  coughing.  The 
^asations  of  hunger  and  thirst  excite  a  desire  for  food  and  drink. 
!rhe  sexual  impulse  acts  in  precisely  the  same  manner ;  the  percep- 
tion of  particular  objects  giving  rise  immediately  to  special  desires 
pf  a  sexual  character. 

It  will  be  observed,  in  these  instances,  that  in  the  first  place, 
khe  nervous  sensation  must  be  actually  perceived,  in  order  to  pro- 
duce its  effect;  and  in  the  second  place  that  the  action  which 
KoUows  is  wholly  voluntary  in  character.  But  the  most  important 
kjeculiarity,  in  this  respect,  is  that  the  voluntary  impulse  follows 
directly  upon  the  receipt  of  the  sensation.  There  is  no  interme<liate 
reasoning  or  intellectual  process.  We  do  not  cough  because  we 
know  that  this  is  the  most  effectual  way  to  clear  the  larynx  ;  but 
einiply  because  we  are  impelled  to  do  so  by  the  sensation  which  ia 
felt  at  ihe  time.  We  do  not  take  food  or  drink  because  we  know 
that  they  are  necessary  to  support  life,  much  less  because  we  under 
stand  the  mode  in  which  they  accomplish  this  object ;  but  merely 
because  we  desire  them  whenever  we  feel  the  sensation  of  hungei 
and  thirst. 

All  actions  of  this  nature  are  termed  instinctive.  They  are  volun. 
tary  in  character,  but  are  performed  blindly ;  that  is,  without  any 
idea  of  the  ultimate  object  to  be  accomplished  by  them,  and  simply 
in  consequence  of  the  receipt  of  a  particular  sensation.  Accord, 
ingly  experience,  judgment,  and  adaptation  have  nothing  to  do  with 
these  actions.  Thus  the  bee  builds  his  cell  on  the  plan  of  a  mathe- 
matical figure,  without  performing  any  mathematical  calculation. 
The  silkworm  wraps  himself  in  a  cocoon  of  his  own  spinning, 
certainly  without  knowing  that  it  ia  to  afford  him  shelter  during 
the  period  of  his  metamorphosis.  The  fowl  incubates  her  egga 
and  keeps  them  at  the  proper  temperature  for  development,  simply 
beoatise  the  sight  of  them  creates  in  her  a  desire  to  do  so.  The 
habits  of  these  animals,  it  is  true,  are  so  arranged  by  nature,  that 
Buch  instinctive  actions  are  always  calculated  to  accomplish  aa 
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ultimate  oliject.  But  this  calculation  is  not  made  by  the  animSI 
Limself,  and  docs  not  form  any  part  of  his  mental  operatioii*. 
There  is  consequently  no  improvement  in  the  mode  of  performing^ 
such  actions,  and  but  littls  deviation  under  a  variety  of  drcuiO' 
stances. 

The  third  kind  of  reflex  action  requires  the  co-operation  of  the 
hemispheres.  Here,  the  nervous  impression  is  not  only  conveval 
to  the  tuber  annulare  and  converted  into  a  sensation,  but.  still 
following  upward  the  course  of  the  fibres  to  the  cerebrum,  it  there 
gives  rise  to  a  special  train  of  ideas.  We  understand  then  tlw 
external  source  of  the  sensation,  the  manner  in  which  it  is  calcu- 
lated to  affect  us,  and  how  by  our  actions  we  may  turn  it  to  oar 
advantage  or  otherwise.  The  action  which  follows,  therefore,  b 
these  cases,  is  not  simfrly  volunt.'»ry  but  reaannahle.  It  does  not 
depend  directly  u|«jn  the  external  sensation,  but  upon  an  intellec- 
tual process  which  intervenes  between  the  sensation  and  the  Toli- 
tion.  These  actions  are  distinguishal,  accordinglyj  by  a  obtrader 
of  definite  contrivance,  and  a  conscious  adaptation  of  means  lo 
ends;  characteristics  which  do  not  belong  to  any  other  operatMM 
of  the  nervous  system. 

The  possession  of  this  kind  of  intelligence  and  reasoning 
is  not  confined  to  the  human  sjiecies.  We  have  already  seen  thai 
there  are  many  purely  instinctive  actions  in  man,  as  well  u  in 
animals.  It  is  no  less  true  that  in  the  higher  animals  there  is  often 
the  same  exercise  of  reasoning  power  as  in  m.in.  The  degree  of 
this  power  is  much  less  in  them  than  in  him,  but  its  nature  i«ll» 
same.  Whenever,  in  an  animal,  we  see  any  action  performed  wiib 
the  evident  intention  of  accomplishing  a  particular  object,  to  which 
it  is  properly  adapted,  such  an  act  is  plainly  the  result  of  reaaofr 
ing  powers,  not  essentially  different  from  our  own.  The  establish' 
ment  of  sentinels  by  gregarious  animals,  to  warn  the  herd  of  the 
approach  of  danger,  the  recollection  of  punishment  inilicbed  fori 
particular  action,  and  the  subsequent  avoidance' or  coneoaltDent  of 
that  action,  the  teachability  of  many  animals,  and  their  capacity  of 
forming  new  habits  or  of  improving  the  old  ones,  are  all  instances 
of  the  same  kind  of  intellectual  power,  and  are  quite  different  trom 
instinct,  strictly  speaking.  It  is  this  faculty  which  especially  pPB- 
dominates  over  the  others  in  the  higher  classes  of  animals,  apd 
which  finally  attains  its  maximum  of  development  in  the  humtt 
species. 
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CHAPTER   V. 

THB    CRANIAL   NERVES. 

In  examining  the  cranial  nerves,  we  sball  find  that  although  they 
At  first  seem  quite  different  in  their  distribution  and  properties 
from  the  spinal  nerves,  yet  they  are  in  reality  arranged  for  the 
most  part  on  the  same  plan,  and  may  be  studied  in  a  similar 
mamier. 

At  the  outset,  however,  we  find  that  there  are  three  of  the  cra- 
nial nerves,  commonly  so  called,  which  must  be  arranged  in  a  class 
by  themselves ;  since  they  have  no  character  in  common  with  the 
other  nerves  originating  either  from  the  brain  or  the  spinal  cord. 
These  are  the  three  nerves  of  special  sense;  viz.,  the  Olfactory, 
Optic,  and  Auditory*  They  are,  properly  speaking,  not  so  much 
nerves  as  commissures,  connecting  different  parts  of  the  encephalic 
mass  with  each  other.  They  are  neither  sensitive  nor  motor,  in 
the  ordinary  meaning  of  these  terms ;  but  are  capable  of  conveying 
only  the  special  sensation  characteristic  of  the  organ  with  which 
they  are  connected. 

Olfactory  Nerves. — We  have  already  described  the  so-called 
olfactory  nerves  as  being  in  reality  commissures,  connecting  the 
olfactory  ganglia  with  the  central  parts  of  the  brain.  The  masses 
situated  upon  the  cribriform  plate  of  the  ethmoid  bone  are  com- 
posed of  gray  matter;  and  even  the  filaments  which  they  send 
oatward  to  be  distributed  in  the  Schneiderian  mucous  membrane, 
are  gray  and  gelatinous  in  their  texture,  and  quite  different  from 
the  fibres  of  ordinary  nerves.  The  olfactory  nerves  are  not  very 
well  adapte4  for  direct  experiment.  It  is,  however,  at  least  certain 
with  regard  to  them  that  they  serve  to  convey  the  special  sensation 
of  smell;  that  their  mechanical  irritation  does  not  give  rise  to 
diher  pain  or  convulsions;  and  finally  that  their  destruction, 
together  with  that  of  the  olfactory  ganglia,  does  not  occasion  any 
paralysis  nor  loss  of  ordinary  sensibility. 
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Optic  Nebveis. — We  have  already  given  some  account  of  iliese 
nerves  and  their  decusaations,  iu  connection  with  the  history  of  the 
tubercula  quadrigemina.  They  consist  of  rounded  bundles  of  white 
fibres,  running  between  the  tubercles  and  the  retinae.  As  the  reti- 
nje  themselves  are  membranouij  expansions  consisting  mostly  of 
vesicular  or  cellular  nervous  matter,  the  optic  nerves,  or  "tractt," 
must  be  regarded  as  commissures  connecting  the  retinee  with  the 
tubercles.  We  have  also  seen  that  they  serve,  by  some  of  their 
fibres,  to  connect  the  two  retinae  with  each  other,  as  well  as  the  two 
tubercles  with  each  other. 

The  optic  nerves  convey  only  the  special  impression  of  light  from 
witiiout  inward,  and  give  origin  to  the  reflex  action  of  the  optic 
tubercles,  by  which  the  pupil  is  made  to  contract.  According  tO 
Longet,  the  optic  nerves  are  absolutely  insensible  to  pain  thrjogh- 
out  their  entire  length.  When  a  galvanic  current  is  passed  thmugh 
the  eyeball,  or  when  the  retina  is  touched  in  operations  upon  the 
eye,  the  irritation  has  been  found  to  produce  the  impression  of  lumi- 
nous sparks  and  flashes,  instead  of  an  ordinary  painful  sensation. 
The  impres-sion  of  colored  rings  or  spots  may  be  easily  produced 
by  compressing  the  eye  in  particular  directions;  and  a  sudden 
stroke  upon  the  eyeball  will  often  give  rise  to  an  npparent  discharge 
of  brilliant  sparks.  Division  of  the  optic  nerves  produces  complete 
blindness,  but  does  not  destroy  ordinary  sensibility  in  any  part  of 
the  eye,  nor  occasion  any  muscular  paralysis. 


Auditory  Nerves. — The  nervous  expansion  in  the  cavity  of 

the  internal  ear  contains,  like  the  retina,  vesicles  or  cells  as  well  as 
fibres ;  and  the  auditory  nerves  are  therefore  to  be  regarded,  like 
the  optic  and  olfactory,  as  commissural  in  their  character.  Tbev 
are  also,  like  the  preceding,  destitute  of  ordinary  sensibility.  Ac* 
cording  to  Longet,  they  may  be  injured  or  destroyed  without  giving 
rise  to  any  sensation  of  pain.  They  serve  to  convey  to  the  brain 
the  special  sensation  of  sound,  and  seem  incapable  of  traosmitttn| 
any  other.  Longet'  relates  an  experiment  performed  by  Volt*,  in 
which,  by  passing  a  galvanic  current  through  the  ears,  the  observer 
experienced  the  sensation  of  an  interrupted  hissing  noise,  so  long 
as  the  connection  of  the  wires  was  maintained.  Inflammations 
within  the  ear,  or  in  its  neighborhood,  are  often  accompanied  bv 
the  perception  of  various  noises,  like  the  ringing  of  bells,  the 
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ashing  of  the  waves,  the  humming  of  insects ;  sounds  which  have 
>  external  existence,  but  which  are  simulated  by  the  morbid  irri' 
Aion  of  the  auditory  nerve. 

It  ia  evident,  from  the  facts  detailed  above,  that  the  nerves  of 
>ecial  sense  are  neither  motor  or  sensitive,  properly  speaking; 
id  that  they  are  distinct  in  their  nature  from  the  ordinary  spinal 
srvea. 

The .  remainder  of  the  cranial  nerves,  however,  present  the 
rdinary  qualities  belonging  to  the  spinal  nerves.  Some  of  them 
re  exclusively  motor  in  character,  others  exclusively  sensitive; 
'hile  most  of  them  exhibit  the  two  properties,  to  a  certain  extent, 
3  mixed  nerves.  They  may  be  conveniently  arranged  in  three 
ain,  according  to  the  regions  in  which  they  are  distributed,  cor- 
ssponding  very  closely  with  the  motor  and  sensitive  roots  of  the 
piaaX  nerves.  According  to  such  a  plan,  the  arrangement  of  the 
ranial  nerves  would  be  as  follows : — 


CSAItlAI.  NWBTM. 

NerveM  of  Special  Sentt. 

1.  Ol&otory.     a.  Optio.     3.  Aaditoiy. 


Motor  nartM. 

SoniUlve  HervM. 

Dtetribntod  to 

'  Motor  ocnli  oom. 

Pathfltioos 

Irt  PAUL 

Motor  00.  oxtomiu 
Small  root  of  6th  pair 
,  Facial 

Large  root  of  6th  pair. 

Fao«. 

SdPAIB. 

HjpogloMal 

OlosBO-phaiTDgoal. 

Tongno. 

SdPAIB. 

Spinal  aoo«ssoi7 

Pneomogastrio. 

Neok,&o. 

The  above  arrangement  of  the  cranial  nerves  is  not  absolutely 
ei^Qt  in  all  its  details.  Thus,  while  the  hypoglossal  supplies  the 
nudes  of  the  tongue  alone,  the  glosso-pbaryngeal  sends  part  of 
s  aensitive  fibres  to  the  tongue  and  part  to  the  pharynx ;  and 
rhile  the  large  root  of  the  5th  pair  is  mostly  distributed  in  the 
106,  one  of  its  branches,  viz.,  the  gustatory,  is  distributed  to  the 
>Dgae.  Notwithstanding  these  irregularities,  however,  the  above 
ivifflon  of  the  cranial  nerves  is  in  the  main  correct,  and  will  be 
rand  extremely  useful  as  an  assistant  in  thb  study  of  their  func- 


There  is  no  impropriety,  moreover,  in  regarding  all  the  motor 
ranches  distributed  upon  the  face  as  one  nerve ;  since  even  the 
Qterior  roots  of  the  spinal  nerves  originate  from  the  spinal  cord, 
wok  by  several  distinct  filaments,  which  are  associated  into  a  single 
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bundle  only  at  a  certain  distance  from  their  point  of  origin.  Tbe 
mere  fact  that  two  nerves  leave  the  cavity  of  the  crauium  by  tbe 
same  foramen  doea  not  indicate  that  they  have  the  same  or  even  a 
similar  function.  Thus  the  faciiil  and  auditory  both  escajw  ftwi 
tlio  cavity  of  the  cranium  by  the  Ibramen  auditorium  intemmn,  tad 
yet  we  do  not  hesitate  to  regard  them  as  entirely  distinct  in  ibcir 
nature  and  functions.  It  is  the  ultimate  distribution  of  a  nerve. 
and  not  its  course  through  the  bones  of  the  skrull,  that  indicates 
itrf  pliy.siological  character  and  position.  For  while  the  ultimate 
distribution  of  any  particular  nerve  is  always  the  same,  it«  aml^|^^ 
ment  as  to  trunk  and  branches  may  vary,  in  dift'erent  gpeeies 
of  animals,  with  the  aii;jtoniical  arrangement  of  the  bones  of  the 
skull.  This  i.s  well  illustrated  by  a  fact  firjst  pointed  out  by  Krof. 
Jeffries  Wyman'  in  the  anatomy  of  the  nervous  system  of  tiw 
bullfrog.  In  this  jmitnal,  both  the  facial  nerve  and  motor  ncnfi 
externus,  instead  of  arising  as  distinct  nerves,  are  actually  gifeo 
oft' as  bniuchea  of  the  5th  pair;  while  their  ultimate  distributions 
the  same  as  in  other  animals.  All  the  motor  and  sensitive  Bervw 
distributed  to  tlie  face  are  accordingly  to  be  regarded  as  boimiit 
diflcrent  branches  of  the  same  trunk  ;  varying  sometimes  in  tWr 
course,  but  always  tbe  same  in  their  ultimate  distribution. 

Tlie  vvttor  nerves  of  the  head  are  in  all  respects  identical  in  tb«iT 
properties  with  the  anterior  roots  of  the  spinal  nerves.  For,  in  Ae 
first  place,  they  are  distributed  to  muscles,  and  not  to  the  integn- 
mcot  or  to  mucous  membranes;  secondly,  their  division  cauM 
muscular  paralysis;  and  thirdly,  mechanical  irritation  applied  »i 
their  origin  produces  muscular  contraction  in  the  parts  lo  which 
they  are  distributed,  but  does  not  give  ri.se  to  a  painful  kW* 
tion.  In  several  instances,  nevertheless,  the  motor  nerves,  tboiigb 
insensible  at  their  origin,  show  a  certain  degree  of  sensibility  wbeo 
irritated  after  their  exit  from  the  skull,  owing  to  fibres  of  ooa 
munication  which  they  receive  from  the  purely  sensitive  nerra 
In  this  respect  they  resonibla  the  spinal  nerves,  tbe  motor  and 
sensitive  filaments  of  which  are  at  first  distinct  in  the  anterior 
and  posterior  root.s,  but  afterward  mingle  with  each  otheTi 
leaving  the  cavity  of  fhe  spinal  canal. 

The  three  sensitive  nerves  originating   from  the  brain  »rf 


i 


'  Xorvons  SyfiteiD  of  Eana,  pipiens  ;  pablJaUed  bj  the  SmithsonUo  lastitvtlM 
Waaliiuglon,  18^3> 
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■Idrge  root  of  tlie  fiftli  pair,  the  glosao-pliaryngeal,  and  the  pnenmo- 
gastric.     It  will  be  observed  that,  in  all  their  essential  propertiiis, 
they  correspond  with  the  posterior  roots  of  the  spinal  nerves.     Like 
them  they  are  inexcitable,  but  extremely  sensitive.     Irritated  at 
their  point  of  origin,  they  give  rise  to  acutely  painful  sensations, 
but  to  no  convulsive  movements.     Secondly,  if  divided  at  tbe  same 
situation,  the  operation  is  followed  by  loss  of  sensibility  in  the 
parts  to  which  they  are  distributefl,  without  any  disturbance  of  the 
motive  power.     Each  of  these  nerves,  furthermore,  like  the  poste- 
rior root  of  a  spinal  nerve,  is  provided  with  a  ganglion  through 
which  its  fibres  pass:  the  fifth  pair,  with  the  Casserian  ganglion, 
situated  near  the  inner  extremity  of  the  petrous  portion  of  the  tem- 
poral bone;  the  glossopharyngeal,  with  the  ganglion  of  Andersch, 
situated  in  the  jugular  fossa;  while  the  pnenmogastric  presents, 
just  before  its  passage  through  the  jugular  foramen,  a  ganglion 
known  as  the  ganglion  of  the  pneuinogaitric  nerve.     Finally,  the 
sensitive  fibres  of  all  these  nerves,  beyond  the  situation  of  their  gan- 
glia, are  intermingled  with  others  of  a  motor  origin.    Tbe  large  root 
of  the  fifth  pair,  which  is  exclusively  sensitive,  is  accompanied  by 
the  fibres  of  the  small  root,  which  are  exclusively  motor.     The 
glosso-pharyngeal  receives  motor  filaments  from  the  facial  and  spi- 
nal acoes3(»ry,  becoming  consequently  a  mixed  nerve  outside  the 
cranial  cavity  ;  while  tbe  pnenmogastric  is  joined  by  fibres  from  the 
epinid  accessory  and  various  other  nerves  of  a  motor  character. 
These  nerves, 'accordingly,  are  exclusively  sensitive  oidy  at  their 
point  of  origin.    Though  they  afterward  retain  the  predominating 
character  of  sensitive  nerves,  they  are  yet  found,  if  irritated  in  the 
middle  of  their  course,  to  be  intermingled  with  motor  fibres,  and 
to  have  consequently  acquired,  to  a  certain  extent,  the  character  of 
mixed  nerves. 

The  resemblance,  therefore,  between  the  cranial  and  spinal  nerves 
b  complete. 


MoTOK  OcULi  Cojianjins. — This  nerve,  which  is  sometimes  known 
by  the  more  convenient  name  of  the  oculo-moloriut,  emerges  from 
tbe  encephalon  at  the  inner  edge  of  the  crus  cerebri,  passes  into 
the  cavity  of  the  orbit  by  the  sphenoidal  fissure,  and  is  distributed 
to  the  levator  palpebrae  superioris,  and  to  all  the  muscles  moving 
the  eyeball,  except  the  external  rectus  and  the  superior  oblique. 
Ita  irritation  accordingly  produces  convulsive  movements  in  these 
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parts,  and  its  division  litis  the  effect  of  paralyzing  the  muacleB  to 
which  it  J8  distributed.  The  superior  eyelid  falls  down  over  tbe 
pupil,  and  cannot  be  raised,  owing  to  the  inaction  of  its  ientor 
muscle,  so  that  the  eye  appears  constantly  half  shut.  This  condi- 
tion is  known  by  the  name  of  "  ptosis."  The  movements  of  the 
eyeball  are  also  nearly  suspended,  and  permanent  external  itr»- 
bisrnus  takes  place,  owing  to  the  paralysis  of  the  internal  rectw 
muscle,  while  the  external  rectus,  animated  by  a  different 
preserves  its  activity. 


bliqwB 


Patheticus. — This  nerve,  which  supplies  the  superior  obliq' 
muscle  of  the  eyeball,  is  similar  in  its  general  properties  to  thepw- 
ceding.     Its  section  causes  paralysis  of  the  above  muscle,  witLout 
any  loss  of  8en3ibiHt3'. 

Motor  Exteenus, — This  nerve,  tbe  sixth  pair,  or  "abdwew 
oculi,"  according  to  the  usual  anatomical  nomenclature,  enieiga 
from  the  medulla  oblongata  just  behind  the  lower  border  of  tbe 
pons  Varolii ;  but  its  fibres  have  been  shown,  by  Dr.  John  Dean,'  lo 
originate,  in  the  deeper  part  of  the  medulla,  from  a  collection  of 
gray  matter,  which  is  a  continuation  of  the  anterior  horn  of  the 
gray  matter  of  the  cord.  From  its  point  of  origin,  the  nem 
passes  forward,  through  the  sphenoidal  fissure,  into  the  orbil  of 
the  eye,  and  is  exclusively  distributed  to  the  external  rectus  mo*- 
cle  of  the  eyeball.  Its  division  or  injury  by  disease  is  followed 
by  internal  strabismus,  owing  to  the  unopposed  action  of  the  inter- 
nal rectus  muscle. 

Fifth  Pair. — This  is  one  of  the  most  important  and  remarkablt 
in  its  properties  of  all  the  cranial  nerves.  It  is  the  great  seositiTe 
nerve  of  the  face,  and  of  the  adjoining  mucous  membraoes.  1' 
arises  by  two  roots,  a  larger  and  a  smaller,  which  emerge,  nearly 
side  by  side,  from  the  lateral  portion  of  the  jxjns  Varolii,  Tbf 
fibres  of  these  roots,  however,  have  been  traced*  through  tb«»b- 
stance  of  the  pons  to  two  "  nuclei,"  or  collections  of  gray  nuUttr, 
in  the  deeper  parts  of  the  medulla.  The  nucleus  with  which  ll*? 
larger  root  is  connected  is  a  continuation  of  the  posterior  horn  of 
gray  matter  of  the  cord  ;  that  with  which  the  smaller  root  i»  ooo- 
aected  is  a  continuation  of  the  anterior  bom.    The  larger  root. 

■  Tbe  Gray  8ubBta.nce  of  (he  Medulla  Oblongata  and  Trapcsium.  VTaiUait^ 
City,  1B64,  (StuithaoDiaa  Conlributiona  to  Knowledge,)  p.  61. 

*  Tbe  Gray  SubBlance  of  the  Medulla  Oblongata,  &c.,  hj  Dr.  John  lW«ik, 
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pmerging  from  the  outer  and  under  surface  of  the  pons 
i,  passed  forward  over  the  inuer  extremity  of  the  petrous 
n  of  the  temporal  bone.  It  there  expands  into  a  crescentic- 
\  swelling,  containing  a  quantity  of  gray  matter  with  which 
ires  are  intermingled,  and  whieh  is  known  as  the  Gasserian 
on.  The  fibres  of  the  smaller  root,  passing  forward  in  com- 
with  the  others,  do  not  take  any  part  in  the  formation  of  this 
ion,  hut  may  be  seen  passing  beneath  it  as  a  distinct  bundle, 
tinning  their  course  forward  to  the  foramen  ovale,  through 
they  emerge  from  the  skull.  In  front  of  the  anterior  and 
1  bonier  of  the  Gasserian  ganglion,  the  fifth  nerve  separates 
ree  principal  divisions,  viz.,  the  ophthalmic,  the  superior 
lary,  and  the  inferior  maxillary.  The  first  of  these  divisions, 
e  ophthalmic,  is  so  called  because  it  passes  through  the  orbit 
eye.  It  enters  the  sphenoidal  fissure,  and  runs  along  the 
portion  of  the  orbit,  sending  branches  to  the  ophthalmic  gan- 
of  the  sympathetic,  to  the  lachrymal  gland,  the  conjunctiva, 
e  mucous  mcmltrane  of  the  luclirymal  sac.  It  also  sends  off 
1  branch  (nasal  brunch)  which  penetrates  into  the  nasal  pas- 
Rnd  supplies  the  Schneidcrian  mucous  membrane.  It  then 
Bs  upon  the  face  by  the  supra-orbital  foramen,  and  is  distri- 
to  the  integument  of  the  forehead  and  side  of  the  Lead  as  far 
8  the  vertex. 

The  second  division  of  this 
nerve,  or  the  superior  maxillary, 
passes  out  by  the  foramen  rotun- 
dum,  and  runs  along  the  longitu- 
dinal canal  in  the  floor  of  the  ot> 
bit,  giving  off  branches  during  its 
passage  to  the  teeth  of  the  upper 
jaw  and  to  the  mucous  membrane 
of  the  antrum  maxillare.  It  final- 
ly emerges  upon  the  middle  of  the 
face  by  the  infra-orbital  foramen, 
and  is  distributed  to  the  integu- 
ment of  the  lower  eyelid,  nose, 
cheek,  and  upper  lip. 

The  third,  or  inferior  maxillary 
division  of  the  fifth  pair,  which  is 
itTTtnn    o»    rrpTB  nbbti      the  largost  of  the  three,  leaves  the 
i»ie  dirbioa.  ^  9ap«,.or  n.»x.i-      ^avity  of  the  crauium  by  the  fora 
•a.  s.  iDA9Tioria>xiii»r]r4iTi*iuD.      men  ovalc.     It  compriscs  a  con- 
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siderable  portion  of  the  large  root  of  the  nerve,  and  all  the  fibrtn  -..f 
the  small  root.  This  division  is  therefore  a  mixed  nerve,  ooiiuinin^ 
both  motor  and  sensitive  fibres,  while  the  two  former  are  exclosivolj 
sensitive.  It  is  distributed,  accordingly,  both  to  muscles  and  to  tho 
sensitive  surfaces.  Soon  after  emerging  from  the  foramen  ovale  it 
Bends  branches  to  the  temporal  muscle,  to  the  masseter,  tue  bucd 
nator,  and  to  the  internal  and  external  pterygoids ;  that  is,  to  tlie 
muscles  which  are  particularly  concerned  in  the  movements  of  tiw 
lower  jaw.  It  also  sends  sensitive  filaments  to  the  integument  of  the 
temple,  to  that  of  a  portion  of  the  external  ear  and  external  lodi- 
tory  meatus.  The  third  division  of  the  fifth  pair,  then  passing 
downward  and  forward,  gives  off  a  branch  of  considerable  size,  the 
Unijual  branch,  which  is  distributed  to  the  mucous  membrane  of  tlw 
anterior  two-thirds  of  the  tongue,  and  which  also  sends  filaments  to 
the  arches  of  the  palate  and  to  the  mucous  membrane  of  the  cheet 
The  remaining  portion  of  the  third  division,  after  giving  a  fc« 
branches  to  the  mylohyoid  muscle  and  to  the  anterior  belly  of  tlw 
digastric,  then  enters  the  inferior  dental  canal,  sends  filament*  lo 
the  teeth  of  the  lower  jaw,  emerges  at  the  mental  foramen,  and  '"» 
finally  distributed  to  the  integument  of  the  chin,  lower  lip,  Mxl 
inferior  part  of  the  face. 

This  nerve  is  accordingly  distributed  to  the  sensitive  surfiwc^ 
that  is,  the  integument  and  mucous  membranes  about  the  facet 
to  the  muscles  of  mastication.  A  few  of  its  fibres  are  sent 
the  superficial  muscles  of  the  face,  such  as  the  buccinator  »m 
orbicularis  oris;  but  the.se  fibres  are  sensitive  in  their  chancier, 
and  serve  merely  to  impiirt  to  the  muscles  a  certain  degree  of 
sensibility.  It  lias  been  ascertained  by  Longet  that  if  the  variow 
branches  of  this  nerve  be  irritated  by  a  galvanic  current,  no  con- 
vulsive movements  whatever  are  produced  in  those  superfici*' 
muscles  of  the  face,  which  it  supplies  with  filaments;  but  if  iu 
smaller  or  non-ganglionic  root  be  irritated  in  the  same  wa;r,  at- 
tractions instantly  follow  in  the  muscles  of  mastication. 

The  fifth  pair  is  the  most  acutely  sensitive  nerve  in  the  wW* 
body.  Its  irriuition  by  mechanical  meaoa  always  causes  inWn* 
pain,  and  even  though  the  animal  be  nearly  anoonscious  from  ibt 
infiucnce  of  ether,  any  severe  injury  to  ius  large  root  is  almofl 
invariably  followed  by  cries  which  indicate  the  extreme  sensibility' 
of  its  fibres. 

If  this  nerve  be  completely  dividerl,  in  the  living  animal,  wiihi" 
the  cranium,  nt  the  situation  of  the  Gasscrian  ganglion,  the  opcnUoD 
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is  followed  by  total  loss  of  sensibility  in  tbe  skin  of  the  face  and  in 
the  adjacent  mucous  membranes.  The  conjunctiva,  upon  the  affected 
side,  is  then  completely  insensible,  and  may  be  touched  with  the 
point  of  a  needle  or  the  blade  of  a  knife,  without  exciting  any  un- 
easiness,  and  even  without  the  consciousness  of  the  animal.  Probes 
and  needles  may  be  passed  into  the  nostril,  and  the  lips  or  the 
cheek  may  be  pinched,  pierced  oir  cut,  without  exciting  the  least 
sign  of  sensibility.  The  animal  is  entirely  indifferent  to  al]  me- 
uhaniual  injuries  upon  the  affected  side,  though  upon  the  opposite 
side  the  parts  retain  their  natural  sensibility. 

Owing  to  the  paralysis  of  the  Ungual  nerve,  also,  after  this  ope- 
ration,  the  tongue,  in  its  anterior  two-thirds,  becomes  insensible  to 
ordinary  irritations,  and  loses,  beside,  the  power  of  taste. 

Another  peculiar  effect  of  the  division  of  tbe  fifth  pair  depends 
upon  the  paralysis  of  its  motor  fibres,  which  are  distributed,  as  we 
have  seen,  to  the  muscles  of  mastication.  In  many  of  the  lower 
aninutls,  consequently,  the  movements  of  mastication  become  ex- 
ceedingly enfeebled  upon  the  afiected  side.  .In  the  cat,  for  example, 
an  animal  in  which  mastication  is  usually  very  thoroughly  per- 
formed, this  process  becomes  excessively  laborious,  so  that  the 
animal  after  this  operation  cannot  masticate  solid  meat,  but  requires 
to  be  fed  with  that  which  has  already  been  cut  in  pieces. 

The  fifth  pair,  beside  supplying  the  sensibility  of  the  integument 
of  the  &ce,  has  a  peculiar  and  important  influence  on  the  organs  of 
special  sense.  This  influence  appears  to  consist  in  some  connection 
between  the  action  of  the  fifth  pair  and  the  processes  of  nutrition ; 
BO  that  when  the  former  is  injured,  the  latter  very  soon  become 
deranged.  For  the  perfect  action  of  any  one  of  the  organs  of 
special  sense,  two  conditions  are  necessary :  first,  the  sensibility  of 
the  special  nerve  belonging  to  it,  and  secondly,  the  integrity  of  the 
eomponent  parts  of  the  organ  itself.  Now  as  the  nutrition  of  the 
organ  is,  to  a  certain  extent,  under  the  control  of  the  fifth  pair,  any 
serious  injury  to  this  nerve  produces  a  derangement  in  the  tissues 
of  the  organ,  and  consequently  interferes  with  the  due  performance 
of  its  function. 

The  mucous  membrane  of  the  nasal  passages,  for  example,  is 
snpplied  by  two  different  nerves;  first,  the  olfactory,  distributed 
throughout  its  upper  portion,  by  which  it  is  endowed  with  the 
special  sense  of  smell ;  and,  secondly,  the  nasal  branch  of  the  fifth 
pair,  distributed  throughout  its  middle  and  lower  portions,  by 
which  it  is  supplied  with  ordinary  sensibility. 
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Since  the  fifth  pair,  accordingly,  supplies  general  senaibilily  to 
the  Dcosal  passages,  this  property  will  rutnain  after  the  special  mat 
of  smell  Iiaa  beea  destroyed.  If,  however,  the  fifth  pair  il*elf  be 
divided,  not  only  is  general  sensibility  destroyed  in  the  Schnciderian 
mucous  membrane,  but  a  disturbance  begins  to  take  place  in  tk 
nutrition  of  its  tissue,  by  which  it  is  gradually  rendered  nniitrur 
the  performance  of  its  special  function,  and  the  power  of  smell  i» 
finally  Jost.  The  mucous  meinbraoe,  under  these  circumst^uioei 
becomes  injected  and  swollen,  and  the  nasal  passage  is  obstruct^! 
by  an  accumulation  of  puriform  mucus.  According  to  Longet,  tlic 
mucous  membrane  also  assumes  a  fungous  consistency,  and  is  liable 
to  bleed  at  the  slightest  touch.  The  effect  of  this  alteration  is  to 
blunt  or  altogether  destroy  the  sense  of  smell.  It  is  owing  toi 
similar  unnatural  condition  of  the  mucous  membrane  that  the  poTCf 
of  smell  is  always  more  or  less  impnircJ  in  cases  of  cottzswkI 
influenza.  The  olfactory  nerves  become  inactive  in  consequence 
of  the  morbid  alteration  in  their  mucous  membrane,  and  ii>  Vbe 
secretions  which  cover  it. 

The  influence  of  this  nerve  over  the  organ  of  vision  is  still  more 
remarkable.  It  has  been  known  for  many  years  that  division  of 
the  fifth  pair  within  the  cnmium,  or  of  its  ophthalmic  branch,  ii fol- 
lowed by  an  inflammation  of  the  corresponding  eye,  which  osualljf 
goes  on  to  complete  and  permanent  destruction  of  the  orgwi 
Immediately  after  the  operation,  the  pupil  becomes  contractwl  aftl 
the  conjunctiva  loses  its  sensibility.  At  the  end  of  twetily-foif 
hours,  the  cornea  begins  to  become  opaline,  and  by  the  Becon<l 
day  the  conjunctiva  is  already  inflamed  and  begins  to  discbarge  a 
purulent  secretion.  The  inflammation,  alter  commencing  in  the 
conjunctiva,  increases  in  intensity  and  soon  spreads  to  the  iri* 
which  becomes  coveretl  with  a  layer  of  inflammatory  exudatioo. 
The  cornea  grows  constantly  more  opaque,  until  it  is  at  JMt 
altogether  impermeable  to  light,  and  vision  is  consequently  8<* 
pended.  Blindness,  thcreforo,  docs  not  result  in  these  infit«n«» 
from  any  direct  afTecliun  of  the  optic  nerve  or  of  the  retina,  hot  \f 
owing  simply  to  opacity  of  the  cornea.  Sometimes  the  diseasad 
action  goes  on  until  it  results  in  ulceration  of  the  cornea  and  dis- 
charge of  the  humors  of  the  eye ;  8ometime.<4,  after  the  lapse  of 
several  da^-s,  the  inflammatory  appearances  subside,  and  the  cjreii 
finally  restored  to  its  natural  condition. 

It  has  been  observed,  however,  that  although  the  above  con* 
quencea  always  follow  division  of  the  fifth  pair,  when  jx'rfonned  »i 
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ihe  level  of  the  Qasserian  ganglion,  or  between  it  and  the  eyeball, 
hey  are  either  much  diminished  in  intensity  or  altogether  wanting 
when,  the  division  is  made  at  a  point  posterior  to  the  ganglion. 
rhifl  circumstance  has  led  to  the  belief  that  the  influence  of  the  fifth 
Mtir  on  the  nutrition  of  the  eyeball  does  pot  reside  in  its  own  proper 
ibres,  but  in  some  filaments  of  the  sympathetic  nerve  which  join 
ihe  fifth  pair  at  the  level  of  the  Gasserian  ganglion.  If  the  section 
looordingly  be  made  at  this  point,  or  in  front  of  it,  the  fibres  of  the 
sympathetic  will  be  divided  with  the  others,  and  inflammation  of 
the  eye  will  result ;  but  if  the  section  be  made  behind  the  ganglion, 
tbe  fibres  of  the  sympathetic  will  escape  division,  and  the  injurious 
effects  upon  the  eye  will  be  absent.  It  is  certain  that  inflammation 
of  the  eye  sometimes  follows  division  of  the  fifth  nerve,  and  some- 
times is  wanting ;  but  the  precise  reason  of  this  variation  is  not 
folly  understood. 

Division  of  the  fifth  pair  destroys  also  the  general  sensibility  of 
the  external  auditory  meatus,  the  lining  membrane  of  which  is 
supplied  by  its  filaments.  Inflammation  of  this  membrane  and  its 
oonaequent  alterations,  it  is  well  known,  interfere  seriously  with 
the  aenae  of  hearing.  It  is  no  uncommon  occurrence  for  an  accu- 
mnlation  of  cerumen  to  take  place  after  inflammation  of  this  part, 
80  as  to  block  up  the  auditory  canal  and  produce  partial  or  com- 
plete deafiiess.  It  has  not  been  ascertained,  however,  whether 
division  of  the  fifth  pair  is  usually  followed  by  similar  changes  in 
this  park 

The  lingual  branch  of  the  fifth  pair  supplies  the  anterior  ez- 
;remity  and  middle  portion  of  the  tongue  both  with  general  sensi- 
bility and  with  the  power  of  taste.  The  sensibility  of  the  tongue 
IS  accordingly  provided  for  by  two  different  nerves ;  in  its  anterior 
(ipro-tbirds,  by  the  lingual  branch  of  the  fifth  pair ;  in  its  posterior 
bbird,  by  the  fibres  of  the  glosso-pharyngeal. 

The  facial  branches  of  the  fifth  pair  are  the  ordinary  seat  of  tic 
doalonrenx.  This  afiection  is  not  unfrequently  confined  to  either 
the  supra-orbital,  the  infra-orbital,  or  the  mental  branch ;  and  the 
pain  may  be  accurately  traced  in  the  direction  of  their  diverging 
fibres.  It  has  already  been  mentioned  that  the  painful  sensations 
Bometimes  also  follow  the  course  of  the  facial,  owing  to  some  sensi- 
tive filaments  which  that  nerve  receives  from  the  fifth  pair. 

Facial. — ^This  nerve,  the  "  seventh  pair,"  according  to  the  mod- 
ern enumeration  of  the  cranial  nerves,  leaves  the  side  of  the  me- 
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Fig.  162, 


dulla  oblongata,  just  beljiiul  die  pons  Varolii.     Its  fibres  are  imced 
to  a  collection  of  gray  matter  in  t^e  upper  part  of  the  metlulk 
continuous  with  that  from  which  the  roots  of  the  sixth  pair  origi 
nate.     The  facial  nerve,  after  leaving  the  side   of  the  medulU, 
passes  onward  through  the  petrous  portion  of  the  temponl  bone^ 
emerges  at  the  stjlo -mastoid    foramen,  bends   round  beneath  tha 
external  ear,  and  passes  forward    through   the    substance  of  the 
parotid  gland,  forming  a  plexus  called  the  "  pes  anserinua,"  by  the 
abundant  inosculation  of  its  different  branches.     It  then  sends iti 
filaments  forward  in  a  diverging  course,  and  is  finally  distributed 
to  the  muscles  of  the  external  ear,  to  the  frontalis  and  supercilitrii 
muscles,  to  the  orbicularis  oculi,  the  compressors  and  dilators  of 
the  nares,  the  orbicularis  oris,  and  to  the  elevators  and  depreseon 
of  the  lips;  that  is,  to  the  superlicial  muscles  of  the  face,  whicb  ir« 
concerned  in  the  production  of  expression,  (Fig.  162.) 

The  facia!,  consequently,  is  the 
motor  nerve  of  the  face.  It  has 
nothing  to  do  with  transmitting 
sensitive  impressions,  since  it  has 
been  frequently  shown  that  after 
section  of  the  fifth  pair,  the  facial 
remaining  entire,  the  sensibility  of 
the  i'ace  is  completely  lost;  so  that 
the  integument  may  be  cut,  pricked, 
pierced,  or  lacerated,  without  any 
sign  of  pain  being  exhibited  by  the 
animal.  The  facial,  therefore,  does 
not  transmit  sensation  from  these 
parts  ;  and  its  division,  which  was 
formerly  resorted  to  in  cases  of 
tic  duuloureux,  is  a^^cordingly  alto- 
gether incapable  of  relieving  neuralgic  pains. 

This  nerve,  however,  is  directly  connected  with  muscular  act! 
since  mechanical  or  galvanic  irritation  of  its  fibres  produce*  con 
vulsive  twitching  in  the  ear.s,  nostrils,  lips,  and  cheekd. 

If  the  facial  nerve  be  divided  in  one  of  the  lower  animals,  aa.  i^' 
example,  in  the  cat,  immediately  after  its  emergence  frura  tk 
stylo-mastoid  foramen,  it  will  be  found  that  complete  muecixltf 
paralysis  has  occurred  in  all  those  piarts  to  whicb  the  nerve  is  di»- 
tributed,  while  the  power  of  sensation  remains  unimpaired.  The 
animal  is  incapable  of  moving  the  ear,  which  remains  constantly  >a 
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the  same  position.  There  is  also  incapacity  of  closing  the  eyelids, 
owing  to  paralysis  of  the  orbicularis  oculi,  and  the  eye  accordingly 
remains  constantly  open,  even  when  the  opposite  eye  is  closed ; 
as  during  sleep,  or  in  the  act  of  winking.  If  the  conjunctiva  be 
touched,  the  animal  feels  the  irritation,  and  endeavors  to  escape 
from  it;  but  the  eyaball  is  only  drawn  partially  backward  into  the 
socket  by  the  action  of  the  recti  muscles,  and  the  third  eyelid 
pushed  partly  across  the  cornea.  The  complete  closure  of  the  eye 
is  inij>ossibIe.  It  will  be  observed,  accordingly,  that  precisely  oppo- 
site effects  are  produced  upon  the  eyelids  by  paralysis  of  the  oculo- 
motorius  nerve,  and  by  that  of  the  facial.  In  the  former  instance, 
owing  to  the  paralysis  of  the  levator  palpebrae  superioria,  the  eye 
is  always  partially  closed ;  in  the  latter,  owing  to  paralysis  of  the 
orbicularis,  it  is  always  partially  open.  The  movements  of  the 
Dares  are  also  suspended  on  the  side  of  the  injury,  and  if  the  angle 
of  the  mouth  be  examined  on  that  side,  it  will  be  found  to  hang 
down  lower  than  on  the  ojiposito  side,  and  to  be  constantly  partlv 
open,  owing  to  the  paralysis  of  the  orbicularis  oris  and  the  cleva- 
jtors  of  the  angle  of  the  mouth. 

^Bbese  are  the  only  inconveniences  which  follow  the  division  of 
Was  facial  nerve  in  the  cat,  but  in  some  other  of  the  lower  animals, 
where  various  muscular  organs  in  this  region  are  particularly  de- 
veloped, the  consequences  are  more  troublesome.  Thus,  in  the  rabbit, 
the  ear,  mx)n  the  aflected  side,  falls  down,  and  cannot  l)e  raised  or 
pointed  in  different  directions ;  and  as  the  movements  of  the  ear 
are  iniportant  in  these  animals,  as  aids  to  the  hearing,  the  per- 
fection of  this  sense  must  be  considerably  impaire<l  by  paralysis  of 
the  facial  nerve.  In  the  horse,  it  has  been  noticed  by  Bernard,' 
that  division  of  the  facial  on  both  sides  is  fatal  by  suffocation.  For 
this  animal  breathes  exclusively  through  the  nostrils,  which  open 
widely  at  the  time  of  inspiration,  to  allow  the  admission  of  air.  If 
these  movements  be  suspended,  by  paralysis  of  the  facial  nerve,  the 
nostrils  immediately  collapse,  and  the  animal  dies  by  suffocation. 

In  the  human  subject,  the  facial  nerve  is  occasionally  paralyzed 
upon  one  side,  sometimes  from  sympathetic  irritation,  sometimes 
from  organic  disease  in  the  petrous  portion  of  the  temporal  bone, 
ithiu  the  cranial  cavity  near  the  origin  of  the  nerve.  In  either 
!,  an  extremely  well-marked  affection  is  the  result,  known  as 


'L«K;nn3  Bar  U  Phjaiologio  et  la  Patbologie  du  Sjrt6in«  Nerrenx,  Parii,  1S58, 
11.  p.  38. 
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"  facial  paralysis,"  This  condition  is  chiefly  characterized  by  aa 
entire  absence  of  expression  on  the  affected  side  of  the  Ikce.  The 
lower  eyelid  sinks  downward,  from  paralysis  of  the  orbiculam 
muscle,  and  cannot  be  closed. 

The  corner  of  the  mouth  also  falls  downward,  and  the  whole 
lower  part  of  the  face  is  drawn  over  to  the  opposite  side,  bv  llie 
force  of  the  antagonistic  muscles.  The  lips  are  unable  to 
the  fluids  of  the  mouth;  and  the  saliva  dribbles  away  from  beli 
them,  giving  to  that  side  of  the  face  a  remarkably  vacant  and 
helpless  appearance. 

The  principal  inconvenience,  however,  suffered  by  the  biinian 
subject  in  facial  paralysis,  depends  upon  the  want  of  action  of  the 
muscles  about  the  lips  and  cheek.  In  drinking,  the  fluids  escape 
by  the  corner  of  the  mouth,  and  in  mastication  the  food  has  partlj 
a  tendency  to  escape  by  the  same  opening,  and  partly  accumulatei, 
on  the  affected  side,  between  the  gums  and  the  cheek,  owing  totb« 
paralysis  of  the  buccinator  muscle,  which  receives  its  motor  fiU- 
ments  from  the  facial  nerve.  Thus,  the  action  of  all  the  superficial 
facial  muscles  is  suspended,  the  expression  of  the  face  is  de^trojed, 
and  the  movements  of  the  lips  and  the  prehension  of  the  food 
seriously  interfered  with. 

Though  the  facial,  however,  be  essentially  a  motor  nerve,  yet  iti 
principal  branches  distributed  to  the  face  have  a  certain  degree  of 
sensibility ;  that  is,  when  these  branches  are  irritated  in  the  middle 
of  their  course,  the  animal  immediately  gives  evidence  of  a  painfal 
sensation.  Longet  has  shown,  by  an  extremely  ingenious  mode 
of  experiment,'  that  this  sensibility  of  the  branches  of  the  fecial 
does  not  depend  on  any  sensitive  fibres  of  their  own,  but  upon 
those  which  they  derive  from,  inosculation  with  the  fifth  pair.  He 
exposes,  for  example,  the  facial  nerve  in  the  dog,  and,  irritating  itt 
principal  branches  one  after  the  other,  at  each  application  of  ibe 
irritant  there  are  evident  signs  of  pain.  He  then  divides  the  facial 
nerve  at  its  point  of  exit  from  the  stylo-mastoid  foramen,  and 
finds  that^  after  this  operation,  the  sensibility  of  its  branches  still 
remains.  The  fibres,  accordingly,  upon  which  this  sensibility 
depends,  do  not  pass  out  with  the  trunk  of  the  nerve,  but  an 
derived  from  some  other  source.  The  experimenter,  then.  upOtt 
another  animal,  divides  the  fiflh  pair  within  the  skull,  leaving  tba 
facial  untouched;  and  afterward,  on  irritating  as  before  the  ex- 

>  Tnit«  de  Ph/atologie,  vol.  ii.  pp.  3S4-3&7. 
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posed  branches  of  the  latter  nerve,  he  finds  that  its  sensibility  has 
entirely  disappeared.  It  is  by  filaments,  accordingly,  derived  from 
tihe  fifth  pair,  that  a  certain  degree  of  sensibility  is  communicated 
to  the  branches  of  the  £fudal. 

These  facts  account  for  the  peculiar  circumstance  that,  in  cases 
of  tic  douloureux,  the  spasmodic  pain  sometimes  follows  exactly 
the  course  of  the  &cial  nerve,  viz :  from  behind  the  ear  forward 
upon  the  dde  of  the  face ;  and  yet  the  section  of  this  nerve  does  not 
put  an  end  to  the  neuralgia,  but  only  causes  paralysis  of  the  iacial 
moaclea. 

Gi<0680-Phabykoeal. — ^This  nerve  originates  from  the  gray 
matter  of  the  upper  and  posterior  portion  of  the  medulla  ob- 
longata, emerges  from  the  side  of  the  medulla,  and  enters  the 
posterior  foramen  laoerum  in  company  with  the  pneumogastric  and 
spinal  accessory.  While  in  the  jugular  fossa  it  presents  a  gangliform 
enlargement,  called  the  ganglion  of  Andersch,  below  the  level  of 
which  it  receives  branches  of  communication  from  the  facial  and 
the  spinal  accessory.  It  then  runs  downward  and  forward,  and  is 
distributed  to  the  mucous  membrane  of  the  base  of  the  tongue, 
pillars  of  the  &uces,  soft  palate,  middle  ear,  and  upper  part  of  the 
pharynx.  It  also  sends  some  branches  to  the  constrictors  of  the 
pharynx  and  the  neighboring  muscles.  Longet  has  found  this 
VMTve  at  its  origin  to  be  exclusively  sensitive ;  but  below  the  level 
of  its  ganglion  it  has  been  found  by  him,  as  well  as  by  various 
other  observers^  to  be  both  sensitive  and  motor,  owing  to  the  fibres 
of  oommunioation  received  from  the  motor  nerves  mentioned  above. 
Its  final  distribution  is,  however,  as  we  have  seen,  principally  to 
sensitive  surfaces.  The  principal  office  of  this  nerve  is  to  impart 
the  sense  of  taste  to  the  posterior  third  of  the  tongue,  to  which  it  is 
distributed.  It  also  presides  over  the  general  sensibility  of  this 
part  of  the  tongue,  as  well  as  that  of  the  fauces  and  pharynx. 

]>r.  John  Beid,^  who  has  performed  a  great  variety  of  experiments 
Upon  this  nerve,  comes  to  the  following  conclusions  in  regard  to  it. 
Pirst^  that  it  is  essentially  a  sensitive  nerve,  since  there  are  unequi- 
vocal signs  of  pain  when  it  is  pricked,  pinched,  or  cut.  Second, 
that  irritation  of  this  nerve  produces  convulsive  movements  of  the 
khroat  and  lower  part  of  the  &ce ;  but  that  these  movements  are,  in 
great  measure^  not  direct,  but  reflex  in  their  character,  since  they 

*  la  1V>dd*«  Cjolopsdia  of  Anatom/  and  Plijraiologjr,  artiole  Gloto-pkargngtal 
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will  take  place  eqaally  well  aft«r  the  glosso-pharvngeal  has  hen 
divided,  if  the  irritation  be  applied  to  its  cranial  extremity.  Tlnnl. 
that  this  nerve  supplies  the  special  sensibility  of  taste  to  a  portiun 
of  the  tongue ;  but  that  it  is  not  the  excbtsive  nerve  of  thia  bcdsc^ 
since  the  power  of  taste  remains,  after  it  has  been  divided  on  both 
sidas. 

There  are  certain  reflex  actions^  furthermore,  which  take  f^aa 
through  the  medium  of  the  glosao-pharyngeal  nerve.  After  ibe 
food  has  been  thoroughly  masticated,  it  is  carried,  by  the  ^lor^ 
ments  of  the  tongue  and  sides  of  the  mouth,  through  the  taaoti, 
and  brought  in  contact  with  the  mucous  membrane  of  the  phatjnx 
This  produces  an  impression  which,  conveyed  to  the  mojiiij 
oblongata  by  the  filaments  of  the  glosso-pharyngeal,  exoitCB  tie 
muscles  of  the  fauces  and  pharynx  by  reflex  action.  The  food  ii 
consequently  graspeil  by  these  muscles,  without  the  concurreoce  o( 
the  will,  and  the  process  of  deglutition  is  commenced.  This  jtclion  ' 
is  not  only  involuntary,  but  it  will  frequently  take  pliiceevetiin 
opposition  to  the  will.  The  food,  once  past  the  isthmus  of  the  fimWA, 
is  beyond  the  control  of  volition,  and  cannot  be  retunied  except  I'f  I 
convulsive  action,  equally  involuntary  in  its  character. 

Natural  Btimulants,  therefore,  applied  to  the  muooos  r 
of  the  pharynx,  excite  deglutition;  unnatural  stimulant- 
to  the  same  part,  excite  vomiting.     If  the  finger  be  introJueJ 
the  fauces  and  pharynx,  or  if  the  mucous  membrane  of  Hume  paraj 
be  irritated  by  prolonged  tickling  with  the  end  of  a 
sensation  of  nausea,  conveyed  through  the  glosso-pharyngetl  I 
is  sometimes  so  great  as  to  produce  immediate  and  copioas  vumit- 
ing.     This  method  may  often  be  successfully  employed  in  ca«5fl^^ 
poisoning,  when  it  is  desirable  to  excite  vomiting  rapidly,  and  wb«»| 
emetic  medicines  are  not  at  hand. 


PxEUMOGASTRic. — Owing  to  the  numerous  connections  of  tlfl 
pneumogaatrio  with  other  nerves,  its  varied  and  extensive  diatribo- 
tion,  and  the  important  character  of  its  functions,  this  is  properk  i 
regarded  as  one  of  the  most  remarkable  nerves  in  the  whole  bodv. 
Owing  to  the  wandering  course  of  its  fibres,  which  arc  distributee! 
to  no  less  than  four  different  vital  organs,  viz.,  the  heart,  lung* 
stomach  and  liver,  as  well  as  to  several  other  parts  of  aeeonAtTi 
importance,  it  has  been  often  known  by  the  name  of  the  jwir  w^si- 
The  pneumogastric  arises  from  a  collection  of  gray  matter  in  the 
posterior  and  middle  portions  of  the  medulla  oblongata,  alreiuli 
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Fig.  16S. 


of  as  the  "nucleus"'  of  the  pneumogastric  nerve.  Jt 
m,  by  a  number  of  separate  filaments,  from  the  lateral  por- 
the  medulla,  in  the  groove  between  the  olivary  and  resti- 
lodies.  These  filaments  unite  into  a  single  trunk,  which 
t)ut  of  the  cranium  through  ihe  jugular  canal,  where  it  is 
ad  with  a  ganglionic  swelling,  tbe  "jugular  ganglion  of  the 
Ugastric  nerve."  Immediately  below  the  level  of  this  gan- 
glion the  nerve  receives  an  important 
branch  of  communication  from  tlie  spinal 
accessory,  and  afterward  from  the  fa- 
cial, the  bypoglosfial,  and  the  anterior 
branches  of  the  first  and  secoud  cervi- 
cals. 

According  to  the  results  obtained  by 
Longet,  whose  experiments  appear  to  be 
the  most  conclusive  on  this  point,  the 
pneumogastric  is,  at  its  origin,  exclu- 
sively a  sensitive  nerve.  Galvanic  irri- 
tation applied  to  the  roots  of  the  nerve, 
when  carefully  separated  from  the  me- 
dulla and  from  all  adjacent  filaments,  is 
not  found  to  produce  any  muscular  con- 
tractions ;  but  if  the  stimulus  be  applied 
to  the  trunk  of  the  nerve,  below  the  level 
of  the  jugular  ganglion,  muscular  con- 
tractions are  excited,  owing  to  the  mo- 
tor filaments  which  have  already  joined 
it  from  the  above  -  mentioned  sources. 
The  pneumogastric  therefore  becomes, 
after  emerging  from  the  cranial  cavity,  a 
mixed  nerve ;  and  has  accordingly,  in 
nearly  all  its  branches,  a  double  distri- 
bution, viz.,  to  the  mucous  membranes 
and  the  muscular  coat  of  the  organs  to 
which  it  belongs. 

The  ordinary  sensibility  of  the  pneu- 
mogastric nerve,  however,  as  all  experi- 
menters have  observed,  is  exceedingly 
dull,  in  comparison  with  that  of  the  other 
^e  cranial  nerves.  We  have  often  divided  this  nerve  in  the 
^  of  the  neck,  without  any  distinct  manifestation  of  pain  being 
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given  by  the  animal;  and  tbough  Bernard  has  found  tbatatsonrt 
times  its  sensibility  is  well  marked,  while  at  others  it  is  very  in- 
distinct, he  is  not  able  to  say  upon  what  special  physiological  con- 
ditions this  difference  depends.  While  the  pneumogastric,  how- 
ever, is  decidedly  deficient,  as  a  general  rule,  in  ordinary  Bensibilitj, 
it  possesses,  as  we  shall  see  hereafter,  a  sensibility  of  a  pecaliir 
kind,  which  is  exceedingly  important  for  the  maintenance  of  th« 
vital  functions. 

In  passing  down  the  neck,  this  nerve  sends  branches  to  the  mu- 
cous membrane  and  muscular  coat  of  the  pharynx,  cesophiigiia,  tad 
respiratory  passages.  Among  the  most  important  of  these  bnincbei 
are  the  two  laryngeal  nerves,  viz.,  the  superior  and  inferior.  The 
superior  laryngeal  nerve,  which  is  given  oft'  from  the  trunk  of  ibe 
pneumogastric  just  after  it  has  emerged  from  the  cavity  of  the  sknil 
passes  downward  and  forward,  penetrates  the  larynx  by  an  opening  u 
the  side  of  the  thyro-byoid  membrane,  and  is  distributed  to  the  mtt- 
cotia  membrane  of  the  larynx  and  glottis,  and  also  to  a  single  larrn- 
geal  muscle,  viz.,  the  crico-tliyroid.  This  branch  is  therefore  partly 
muscular,  but  mostly  sensitive  in  its  distribution.  The  inferior  !*• 
ryngeal  branch  is  given  ofl' just  after  the  pneumogastric  has  eoteitd 
the  cavity  of  the  chest.  It  curves  round  the  subclavian  artery  at 
the  right  side  and  the  arch  of  the  aorta  on  the  left,  and  ajscends  ifi 
the  groove  between  the  trachea  and  oesophagus,  to  the  larynx.  It 
then  enters  the  larynx  between  the  cricf>id  cartilage  and  the  po*- 
terior  edge  of  the  thyroid,  and  is  distributed  to  all  the  miuoksof 
the  larynx,  with  the  exception  of  the  crico-thyroid.  This  brancU 
is,  therefore,  exclusively  muscular  in  its  distribution. 

The  trunk  of  the  pneumogastric,  after  supplying  the  abow 
branches,  as  well  aa  sending  numerous  filaments  to  the  trachflft 
and  oeso]ihagu3  in  the  neck,  gives  off  in  the  chest  its  pnlmoaanr 
branches,  which  follow  the  bronchial  tubes  in  the  lungs  to  their 
minutest  ramifications.  It  then  passes  into  the  abdomen  and  tnp- 
plies  the  muscular  and  mucous  layers  of  the  stomach,  ramifying 
over  both  the  anterior  and  posterior  surfaces  of  the  organ;  after 
which  its  fibres  spread  out  and  are  distributed  to  the  liver,  Bplwa 
pancreas,  and  gail-bladder. 

The  functions  of  the  pneumogastric  will  now  be  successivelj 
studied  in  the  various  organs  to  which  it  is  distributed. 

Phan/nx  ami  (Esophagus. — The  reflex  act  of  deglutition,  which 
has  already  been  described  as  commencing  in  the  upper  part  of  tb« 
pharynx,  by  means  of  the  glossopharyngeal,  is  continued  in  ti* 
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>wer  portion  of  the  pharynx  and  throughout  the  CRSOphagus  by 
|he  aid  of  the  pneumogastric.  Aa  the  food  is  compressed  by  the 
Buperior  constrictor  muscle  of  the  pharynx  and  forced  downward, 
It  excites  the  raucous  membrane  with  which  it  is  brought  in  contact 
Rnd  gives  rise  to  another  contraction  of  the  middle  constrictor.  The 
lower  constrictor  is  then  brought  into  action  in  its  turn  in  a  similar 
fnanner;  and  a  wave-like  or  peristaltic  contraction  is  thence  pro- 
pagated throughout  the  entire  length  of  the  a3.sophagus,  by  which 
the  food  is  carried  rapidly  from  above  downward,  and  conducted  at 
|]a8t  to  the  stomach.  Each  successive  portion  of  the  mucous  mem- 
brane, in  this  instance,  receives  in  turn  the  stimulus  of  the  fix>d, 
i«nd  excites  instantly  its  own  muscles  to  contraction  ;  so  that  the 
(food  passes  rapidly  from  one  end  of  the  oesophagus  to  the  other,  by 
an  action  which  is  wholly  reflex  in  character  and  entirely  withdrawn 
,from  the  control  of  the  will.  Section  of  the  pneumogastric,  or  of 
(its  pharyngeal  and  cesophageal  branches,  destroys  therefore  at  the 
same  time  the  sensibility  and  the  motive  power  of  these  parts.  The 
ifood  is  no  longer  conveyed  readily  to  the  stomach,  but  accumulates 
|in  the  paralyzed  oesophagus,  into  which  it  m  forced  by  the  voluntary 
j  movements  of  the  mouth  and  fauces,  and  by  the  continued  action 
jof  the  upper  part  of  the  pharynx. 

I     It  must  be  remembered  that  the  general  sensibility  of  the  oeso- 
phagus is  very  slight,  as  compared  with  that  of  the  integument,  or 
icven  of  the  mucous  membranes  near  the  exterior.     It  is  a  general 
rule,  in  fact,  that  the  sensibility  of  the  mucous  membranes  is  most 
acute  at  the  external  orifices  of  their  canals ;  as,  for  example,  at  the 
flips,  anterior  oares,  anus,  orifice  of  the  urethra,  &c.    It  diminishes 
constantly  from  without   inward,  and  disapjjears  altogether  at  a 
irtain  distance  from  the  surface.     The  sensibility  of  the  pharynx 
leas  acute  than  that  of  the  mouth,  but  is  still  sufficient  to  enable 
IS  to  perceive  the  contact  of  ordinary  substances;  while  in  the 
besophagus  we  are  not  usually  sensible  of  the  impression  of  the  food 
M  it  passes  from  above  downward.     The  reflex  action  takes  place 
bare  without  any  assistance  from  the  consciousness;  and  it  is  only 
Ivhen  substances  of  an  unusually  pungent  or  irritating  nature  are 
iningled  with  the  food,  that  its  passage  through  the  oesophagus  pro- 
auces  a  distinct  sensation. 

Larynx, — We  have  already  described  the  course  and  distribution 
bf  the  two  laryngeal  branches  of  the  pneumogastric.  The  superior 
laryngeal  nerve  is  principally  the  sensitive  nerve  of  the  larynx. 
Ita  division  destroys  sensibility  in  the  mucous  membrane  of  this 
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organ,  but  paralyzes  only  one  of  its  muscles,  viz :  the  crico-thyroid  ^ 
Galvanization  of  tbia  nerve  has  also  been  found  to  induce  coo- 
tractions  in  the  crico- thyroid,  but  in  none  of  the  other  moscles 
belonging  to  the  larynx.  The  inferior  laryngeal,  on  the  oib<r 
hand,  is  a  motor  nerve.  Its  division  paralyzes  all  the  muscles  rf 
the  larynx  except  the  cricothyroid;  and  irritation  of  its  divided 
extremity  produces  contraction  in  the  same  mubcles.  The  mascte 
and  niucoiia  membrane  of  the  larynx  are  therefore  supplied  bvtwo 
difterent  branches  of  the  same  trunk,  viz.,  the  superior  laryngeil 
nerve  for  the  mucous  membrane,  and  the  inferior  laryngeal  ncm 
for  the  muscles. 

The  larynx,  in  man  and  in  all  the  higher  animals,  perfortni* 
double  function ;  one  part  of  which  is  connected  with  the  voice,  the 
other  with  respiration. 

The  formation  of  the  voIca  in  the  larynx  takes  place  as  followi 
If  the  glottis  be  exposed  in  the  living  animal,  by  opening  the 
pharynx  and  oesophagus  on  one  side,  and  turning  the  larytu  f«' 
ward,  it  will  be  seen  that  so  long  as  the  vocal  chords  prcserre 
their  usual  relaxed  condition  during  expiration,  no  sound  is  IwwiM. 
except  the  ordinary  faint  whisper  utthe  air  passing  gently  thn^gb 
the  cavity  of  the  larynx.  When  a  vocal  sound,  however.  i»  Ui  b« 
produced,  the  chords  are  suddenly  made  len.so  and  applied  clwfly 
to  each  other,  so  as  to  diminish  very  considerably  tlie  sixe  of  tbt 
orifice;  and  the  air,  driven  by  an  unusually  lurcible  expifitiwi 
through  the  narrow  opening  of  the  glottis,  in  passing  between  ibii 
vibrating  vocal  chords,  is  itself  thrown  into  vibrations  which  pro- 
duce the  sound  required.  The  tone,  pitch,  and  intensity  of  iKi*| 
sound,  vary  with  the  conformation  of  the  larynx,  the  degree  ofteo-l 
sion  and  approximation  of  the  vocal  chords,  and  the  force  yf  tbc  ] 
expiratory  eftbrt.  The  narrower  the  opening  of  the  glottis,  and  lb«  I 
greater  the  tension  of  the  chords,  under  ordinary  circumstance^  tbe 
more  acute  the  sound  ;  while  a  wider  opening  and  a  less  degraeof 
tension  produce  a  graver  note.  The  quality  of  the  sound  m  »1« 
modified  by  the  length  of  the  column  of  air  included  between  tbc 
glottis  and  tljc  mouth,  the  tense  or  relaxed  condition  of  the  trails 
of  the  pharynx  and  fauces,  and  the  state  of  dryness  or  moistort  ul 
the  mucous  membrane  lining  the  aerial  passages. 

Articulation,  on  the  other  hand,  or  the  division  of  the  vocal  woivi 
into  vowels  and  consonants,  is  accomplished  entirely  by  the  hp* 
tongue,  teeth,  and  fauces.    These  organs,  however^  ore  under  tuc 
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f  other  nerves,  and  tlie  mechanism  of  their  action  need  not 

Epy  ua  here, 
nee  the  produclion  of  a  vocal  sound,  therefore,  depends  upon 
:cnsion  and  [x>.sition  of  the  vocal  chords,  as  determined  by  ihe 
Kction  of  the  laryngeal  muscles,  it  is  not  surpri.siiig  tliat  division  of 
the  inferior  laryngeal  nerves,  by  paralyzing  these  muscles,  should 
produce  a  loss  of  voice.  It  has  been  sometimes  found  that  in  very 
jroung  animals  the  crico-thyroid  muscles,  which  are  the  only  ones 
not  affected  by  division  of  the  inferior  laryngeal  nerves,  are  still 
Bufficient  to  give  some  degree  of  tension  to  the  vocal  chords,  and 
to  produce  in  this  way  an  imperfect'  sound;  but  usually  the  voice 
Is  entirely  lost  after  such  an  operation. 

It  is  a  very  remarkable  fact,  however,  in  this  connection,  that  all 
the  motor  filaments  of  the  pneiimogastric,  which  are  concerned  in 
the  formation  of  the  voice,  are  derived  from  a  single  source.  It 
Hvill  be  remembered  that  the  pneumogastric,  itself  originally  a 
Bensitive  nerve,  receives  motor  filaments,  on  leaving  the  cr.inial 
cavity,  from  no  less  than  five  difterent  nerves.  Of  these  filaments, 
however,  those  coming  from  the  spinal  accessory  are  the  only  ones 
hecessary  to  the  production  of  vocal  sounds.  For  it  has  been  found 
by  Bischoff  and  by  Bernard'  that  if  all  the  roots  of  the  spinal  acces- 
sory be  divided  at  their  origin,  or  if  the  nerve  itself  be  torn  away 
It  its  exit  from  the  skull,  all  the  other  cranial  nerves  remaining 
lintouclied,  the  voice  ia  lost  as  completely  as  if  the  inferior  laryn- 
geal itself  had  been  destroyed.  All  the  motor  fibres  of  the  pneu- 
mogastric, therefore,  which  act  in  the  fortnatioQ  of  the  voice  are 
derived,  by  inosculation,  from  the  spinal  accessory  nerve. 

In  trijnration,  again,  the  larynx  performs  another  and  still  more 
Important  function.  In  the  first  place,  it  stands  as  a  sort  of  guard, 
Br  sentinel,  at  the  entrance  of  the  respiratory  passages,  to  prevent 
the  intrusion  of  foreign  substances.  If  a  crumb  of  bread  accidentally 
Ml  within  the  aryteno-epiglottidean  folds,  or  upon  the  edges  of  the 
^ocal  chords,  or  upon  the  posterior  surface  of  the  epiglottis,  the 
lensibility  of  these  parts  immediately  excites  a  violent  expulsive 
)ough,  by  which  the  foreign  body  is  dislodged.  The  impression 
teceived  and  conveyed  inward  by  the  sensitive  fibres  of  the  superior 
laryngeal  nerve,  is  reflected  back  upon  the  expiratory  muscles 
>f  the  chest  and  abdomen,  by  which  the  instinctive  movements  of 
^aghing  are  accomplished.  Touching  the  above  parts  with  the 
point  of  a  needle,  or  pinching  them  with  the  blades  of  a  forceps, 

■  Bwlifn-bM  Exii€rini«9ntal«8  sar  1«»  fonvtions  do  oerf  spinal.     Paris,  I8&1. 
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will  produce  the  same  effect.     This  reactioa  is  essentially  dependent ' 
on  the  sensibility  of  the  laryngeal  mucous  membrane;  and  it  cao 
no  longer  be  produced  after  section  of  the  pneumogastric  nervev  of 
of  its  superior  laryngeal  branch. 

In  the  second  place,  the  tespiralory  movemnrUs  of  the  glottis,  alrakly 
described  in  a  previous  chapter,  are  of  the  greatest  importance  to 
the  preservation  of  life.  We  have  seen  that  at  the  moment  of 
inspiration  the  vocal  chords  are  separated  from  each  other,  and  ibe 
glottis  opened,  by  tl^e  action  of  the  posterior  crico-arytenoid  muscles; 
and  that  in  expiration  the  muscles  and  the  vocal  chords  are  both 
relaxed,  and  the  air  allowed  to  pass  out  readily  through  the  glottM. 
The  opening  of  the  glottis  in  inspiration,  therefore,  is  an  aetitt 
movement,  while  its  partial  closure  or  collapse  in  expiration  '» > 
passive  one.  Furthermore,  the  opening  of  the  glottis  in  inspintioo 
is  necessary  in  order  to  afford  a  sufficiently  wide  passage  forlhe 
air,  in  its  way  to  the  trachea,  bronchi,  and  pulmonary  vesicles. 

Now  we  have  found,  as  Budge  and  Longet  had  previously  no- 
ticed, that  if  the  inferior  laryngeal  nerve  on  the  right  side  be 
divided  while  the  glottis  is  exposed  as  above,  the  respiratory  more- 
ments  of  the  right  vocal  chord  instantly  cease,  owing  to  the  pan- 
lysis  of  the  posterior  crico-arytenoid  muscle  on  that  side.  If  ibe 
inferior  laryngeal  nerve  on  the  left  side  be  also  divided,  the  part- 
lysis  of  the  glottis  is  then  complete,  and  its  respiratory  movemtots 
cease  altogether.  A  serious  diiRculty  in  respiration  is  the  immo 
diate  consequence  of  this  operation.  For  the  vocal  chords,  being 
no  longer  stretched  and  separated  frotn  each  other  at  the  motncnJ 
of  inspiration,  but  remaining  lax  and  flexible,  act  as  a  double  valrt; 
and  are  pressed  inward  by  the  column  of  inspired  air;  thus  par- 
tially blocking  up  the  passage  and  im[>eding  the  access  of  wr  *> 
the  lungs.  If  the  pneumogastrics  be  divided  in  the  middle  of  lit 
neck,  the  larynx  is  of  course  paralyzed  precisely  as  after  sectioQ 
of  the  inferior  laryngeal  nerves,  since  these  nerves  are  given  off 
only  after  the  main  trunks  have  entered  the  cavity  of  the  cbist. 
The  immediate  effect  of  either  of  these  operations  is  to  produce 
a  difficulty  of  inspiration,  accompanied  by  a  peculiar  wheezing  of 
sucking  noise,  evidently  produced  in  the  larynx  and  dependent  on 
the  falling  together  of  the  vocal  chords.  In  very  young  aoimak 
as.  for  example,  in  pups  a  few  days  old,  in  whom  the  glottis  « 
smaller  and  the  larynx  less  rigid  than  in  ailult  do^  this  difBcoltfj 
is  much  more  strongly  marked.  Legal It^is'  has  even  seen  a  pof] 
'  In  LonjretS  Trait*  Af  Physfolopl^.  toI.  !1.  p.  3W. 
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;wo  days  old  almost  instantly  suflFocated  after  section  of  the  two 
inferior  laryngeal  nerves.  We  have  found  that,  in  pups  two 
nreeks  old,  division  of  the  inferior  laryngeals  is  followed  by  death 
it  the  end  of  from  thirty  to  forty  hours,  evidently  from  impeded 
respiration.  ^ 

The  importance,  therefore,  of  these  movements  of  the  glottis  in 
:«q>iTation  becomes  very  evident.  They  are,  in  fact,  part  and 
jaroel  of  the  general  respiratory  movements,  and  are  necessary  to 
I  due  performance  of  the  function.  It  has  been  found,  moreover, 
hat  the  motor  filaments  concerned  in  this  action  are  not  derived, 
ike  those  of  the  voice,  from  a  single  source.  While  the  vocal 
novements  of  the  larynx  are  arrested,  as  mentioned  above,  by 
Uvision  of  the  spinal  accessory  alone,  those  of  respiration  still  go 
m;  and  in  order  to  put  a  stop  to  the  latter,  either  the  pneumo- 
^strics  themselves  must  be  divided,  or  all  five  of  the  motor  nerves 
rom  which  their  accessory  filaments  are  derived.  This  fact  has 
>een  noticed  by  Longet  as  showing  that  nature  multiplies  the  safe- 
piards  of  a  function  in  proportion  to  its  importance ;  for  while  the 
ipinal  accessory,  or  any  other  one  of  the  above-mentioned  nerves, 
night  be  affected  by  local  accident  or  disease,  it  would  be  very 
mprobable  that  any  single  injury  should  paralyze  simultaneously 
he  spinal  accessory,  the  facial,  the  hypoglossal,  and  the  first  and 
econd  oervicals.  The  respiratory  movements  of  the  larynx  are 
ionsequently  much  more  thoroughly  protected  than  those  which 
ire  merely  concerned  in  the  formation  of  the  voice. 

Lungs. — ^The  influence  of  the  pneumogastric  upon  the  function 
►f  the  lungs  is  exceedingly  important.  The  nerve  acts  here,  as  in 
nost  other  organs  to  which  it  is  distributed,  in  a  double  or  mixed 
tapacity ;  but  it  is  principally  as  the  sensitive  nerve  of  the  lungs 
hat  it  has  thus  far  received  attention.  It  is  this  nerve  which 
onveys  from  the  lungs  to  the  medulla  oblongata  that  peculiar 
mpression  known  as  the  demand  for  breath,  which  excites  by  reflex 
iction  the  diaphragm  and  intercostal  muscles,  and  keeps  up  the  play 
>f  the  respiratory  movements.  As  we  have  already  shown,  this  action 
s  an  involuntary  one,  and  will  even  take  place  when  consciousness 
8  ^itirely  suspended.  It  may  indeed  be  arrested  for  a  time  by  an 
iflfort  of  the  will ;  but  the  impression  conveyed  to  the  medulla  soon 
leoomes  so  strong,  and  the  stimulus  to  inspiration  so  urgent,  that 
hey  can  no  longer  be  resisted,  and  the  muscles  contract  in  spite  of 
>nr  attempts  to  restrain  them. 

A  very  remarkable  effect  is  accordingly  produced  on  respiratiop 
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by  simultaneous  division  of  both  pneumoga-stric  nerves.  This 
experiment  is  best  performed  on  adult  dog«,  which  may  be  ctbcr- 
ized,  and  the  nerves  exposed  while  the  animal  is  in  a  condition  of 
insensibility,  avoiding,  in  this  way,  the  disturbance  of  respiration. 
whicli  would  follow  if  the  dissection  were  performed  while  the  ani- 
mal  was  conscious  and  sensible  to  pain.  After  the  effects  of  the 
etherization  have  entirely  passed  off,  and  respiration  and  circolatioo  ■ 
have  both  returned  to  a  quiescent  condition,  the  two  nerves,  which  ' 
have  been  previously  exposed  and  secured  by  a  loose  ligature,  may 
be  instantaneously  divided,  and  the  eftects  of  the  operation  readiljr 
appreciated. 

Immediately  after  the  division  of  the  nerves,  when  performed  io 
the  above  manner,  the  respiration  is  hurried  and  difficult,  owing  to 
the  sudden  paralysis  of  the  larynx  and  partial  closure  of  the  glwtiis 
by  the  vocal  chords,  as  already  described.  This  condition,  how- 
ever, is  of  short  continuance.  In  a  few  moments,  the  difficulty  al 
breathing  and  the  general  agitation  subside,  the  animal  booo«oeB 
perfectly  quiet,  and  the  only  remaining  visible  effect  of  the  (^ra- 
tion is  a  diminished  frequency  in  the  movements  of  rtspiratton.  Tliii 
diminution  is  frequently  strongly  marked  from  the  first,  the  number 
of  respirations  falling  at  once  to  ten  or  fifteen  per  minute,  Had  be- 
coming, in  an  hour  or  two,  still  farther  reduced.  The  respirations 
are  performed  easily  and  quietly ;  and  the  animal,  if  left  undisturb«L 
remains  usually  crouched  in  a  comer,  without  giving  any  specisi 
signs  of  discomfort.  If  he  be  aroused  and  compelled!  to  mow 
about,  the  frequency  of  the  respiration  is  temporarily  augmeoKd: 
but  &&  soon  as  he  is  again  quiet,  it  returns  to  its  former  standtfi 
By  the  second  or  third  day,  the  number  of  respirations  is  ofta 
reduced  to  five,  four,  or  even  three  per  minute;  when  this  is  tlio 
case,  the  animal  usually  appears  very  sluggish,  and  is  roused  tritii 
diflficulty  from  his  inactive  condition.  At  this  time  the  respiration 
is  not  only  diminished  in  frequency,  but  is  also  performed  in  a 
])eculiar  manner.  The  movement  of  inspiration  is  slow,  easy,  M"i 
silent,  occupying  several  seconds  in  its  accomplishment;  expiratioa, 
on  the  contrary,  is  sudden  and  audible,  and  is  accompanied  by  &**• 
marked  expulsive  effort,  which  has  the  appearance  of  being,  to  • 
certain  extent,  voluntary  in  character.  The  intercostal  qMOefllbo 
sink  inward  during  the  lifting  of  the  ribs ;  and  the  whole  movetafl* 
of  respiration  has  an  appearance  of  insufRciency,  as  if  the  lonp 
were  not  thoroughly  filled  with  air.    This  insufficiency  of  rwpii* 
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tion  is  undoubtedly  owing  to  a  peculiar  alteration  in  the  pulmonary 
texture,  which  has  by  this  time  already  commenced. 

Death  takes  place  at  a  period  varying  from  one  to  six  days  after 
the  operation,  according  to  the  age  and  strength  of  the  animal. 
The  only  symptoms  accompanying  it  are  a  steady  failure  of  the 
re^iration,  with  increased  sluggishness  and  indisposition  to  be 
aroused.  There  are  no  convulsions,  nor  any  evidences  of  pain. 
After  death  the  lungs  are  found  in  a  peculiar  state  of  solidification, 
which  is  almost  exclusively  a  consequence  of  this  operation,  and 
which  is  entirely  different  from  ordinary  inflammatory  hepatization. 
They  are  not  swollen,  but  rather  smaller  than  natural.  They  are 
of  a  dark  purple  color,  leathery  and  resisting  to  the  feel,  destitute 
of  crepitation,  and  infiltrated  with  blood.  Pieces  of  the  lung  cut 
out  sink  in  water.  The  pleural  surfaces,  at  the  same  time,  are  bright 
and  polished,  and  their  cavity  contains  no  effusion  or  exudation. 
The  lungs,  in  a  word,  are  simply  engorged  with  blood  and  empty 
of  air ;  their  tissue  having  undergone  no  other  alteration. 

These  changes  are  not  generally  uniform  over  both  lungs.  The 
organs  are  usually  mottled  on  their  exterior ;  the  variations  in  color 
corresponding  with  the  different  degrees  of  alteration  exhibited  by 
different  parts. 

The  explanation  usually  adopted  of  the  above  consequences  fol- 
lowing division  of  the  pneumogastrics  is  as  follows :  The  nerves 
being  divided,  the  impression  which  originates  in  the  lungs  from 
the  accumulation  of  carbonic  acid,  and  which  is  destined  to  excite 
the  respiratory  movements  by  reflex  action,  can  no  longer  be  trans- 
mitted to  the  medulla  oblongata.  The  natural  stimulus  to  respira- 
tion being  wanting,  it  is,  accordingly,  less  perfectly  performed.  The 
respiratory  movements  diminish  in  frequency,  and,  growing  con- 
tinually  slower  and  slower,  finally  cease  altogether,  and  death  is 
the  result. 

The  above  explanation,  however,  is  not  altogether  sufficient.  It 
accounts  very  well  for  the  diminished  frequency  of  respiration,  but 
not  for  its  partial  continuance.  For  if  the  pneumogastric  nerves 
be  really  the  channel  through  which  the  stimulus  to  respiration  is 
conveyed  to  the  medulla,  the  difficulty  is  not  to  understand  why 
respiration  should  be  retarded  after  division  of  these  nerves,  but 
why  it  should  continue  at  all.  In  point  of  fact,  the  respiratory 
movements,  though  diminished  in  frequency,  continue  often  for 
some  days  after  this  operation.  This  cannot  be  owing  to  force  of 
habit  or  to  any  remains  of  nervous  influence,  as  has  been  some- 
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times  suggested,  since,  when  the  medulla  itself  is  destroyed,  resf 
tion,  as  we  know,  stops  instantaneously,  and  no  attempt  at  movo- 
ment  is  made  after  the  action  of  the  nervous  centre  is  susjxjnded. 

It  is  evident,  therefore,  that  the  pneumogastric  nerve,  though  th« 
chief  agent  by  which  the  respiratory  stimulus  is  conveyed  to  the 
medulla,  is  not  the  only  one.  The  lungs  are  undoubtedly  the 
organs  Avhich  are  most  sensitive  to  an  accumulation  of  carbonio 
acid,  and  an  iin]>erfect  arterial iza tion  of  the  blood ;  and  the  eensi* 
tion  which  results  from  such  an  accumulation  is  accordingly  fin* 
felt  in  them.  There  is  reason  to  believe,  however,  that  all  the  vas- 
cular organs  are  more  or  less  capable  of  originating  this  impressioa 
and  that  all  the  sensitive  nerves  are  capable,  to  some  extent,  of  trail*' 
mitting  it.  Although  the  Hirst  disagreeable  sensation,  on  boldiif^ 
the  breath,  makes  itself  felt  in  the  lungs,  yet,  if  we  persist  ip  sus- 
pending the  respiration,  we  soon  l^ecome  conscious  that  the  feeling 
of  discomfort  s])read3  to  other  parts ;  and  at  last,  when  the  accu- 
mulation of  carbonic  acid  and  the  impurity  of  the  blood  have 
become  excessive,  all  parts  of  the  body  suffer  alike,  and  are  per- 
vaded by  a  general  feeling  of  derangement  and  distress.  It  is  easy, 
therefore,  to  understand  why  respiration  should  be  retarded,  afiei 
section  of  the  pncumogastrics,  since  the  chief  source  of  the  stimulus 
to  respiration  is  cut  ofl";  but  the  movements  still  go  on,  though  morf 
slowly  than  before,  because  the  other  sensitive  nerves,  which  con- 
tinue to  act,  are  also  capable,  in  an  imperfect  manner,  of  conveying 
the  same  impression. 

The  immediate  cause  of  death,  after  this  operation,  is  no  doubt 
the  altered  condition  of  the  lungs.  These  organs  are  evidently 
very  imperfectly  filled  with  air,  for  some  time  previous  to  death: 
and  their  condition,  as  shown  in  post-mortem  examination,  is  eri- 
dently  incompatible  with  a  due  performance  of  the  respiratory 
function.  It  is  not  at  all  certain,  however,  that  these  alteratioiB 
in  the  pulmonary  tissue  are  directly  dependent  on  division  of  the 
pneumogastric  nerves.  It  must  be  recollected  that  when  tbei 
tion  of  the  pncumogastrics  is  performed  in  the  middle  of  the  QC 
the  filaments  of  the  inferior  lar^'ngeal  nerves  are  also  divided,  and 
the  narrowing  of  the  glottis,  produced  by  their  paralysis,  must 
necessarily  interfere  with  the  free  admission  of  air  into  the  chefit 
This  difficulty,  either  alone  or  combined  Avith  the  diminished  ft* 
quency  of  respiration,  must  have  a  very  considerable  effect  in  int- 
peding  the  pulmonary  circulation,  nnd  bringing  the  lungs  iotosucb 
a  condition  as  unfits  them  for  maintaiuincr  life. 
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In  order  to  ascertain  the  comparative  influence  upon  the  lungs 
of  division  of  the  inferior  laryngeals  and  that  of  the  other  filaments 
of  the  pneumogastrics,  we  have  resorted  to  the  following  experi- 
ment. 

Two  pups  were  taken,  belonging  to  the  same  litter  and  of  the 
same  size  and  vigor,  about  two  weeks  old.  In  one  of  them  (No.'l^ 
the  pneumogastrics  were  divided  in  the  middle  of  the  neck ;  and 
in  the  other  (No.  2)  a  section  was  made  at  the  same  time  of  the 
inferior  laryngeals,  the  trunk  of  the  pneumogastrics  being  left  un- 
touched. For  the  first  few  seconds  after  the  operation,  there  was 
but  little  difference  in  the  condition  of  the  two  animals.  There  was 
the  same  obstruction  of  the  breath  (owing  to  closure  of  the  glottis), 
the  same  gasping  and  sucking  inspiration,  and  the  same  frothing  at 
the  mouth.  Very  soon,  however,  in  pup  No.  1,  the  respiratory 
movements  became  quiescent,  and  at  the  same  time  much  reduced 
in  frequency,  falling  to  ten,  eight,  and  five  respirations  per  minute, 
as  nsual  after  section  of  the  pneumogastrics;  while  in  No.  2  the 
respiration  continued  frequent  as  well  as  laborious,  and  the  general 
ng^  of  agitation  and  discomfort  were  kept  up  for  one  or  two  hours 
The  animal,  however,  after  that  time  became  exhausted,  cool,  and 
partially  insensible,  like  the  other.  They  both  died,  between  thirty 
and  forty  hours  after  the  operation.  On  post-mortem  inspection  it 
was  found  that  the  peculiar  congestion  and  solidification  of  the 
lungs,  considered  as  characteristic  of  division  of  the  pneumogastrics, 
existed  to  a  similar  extent  in  each  instance ;  and  the  only  appre- 
ciable difference  between  the  two  bodies  was  that  in  No.  1  the  blood 
was  coagulated,  and  the  abdominal  organs  natural,  while  in  No.  2 
the  blood  was  fluid  and  the  abdominal  organs  congested.  We  are 
led,  accordingly,  to  the  following  conclusions  with  regard  to  the 
^Ebct  produced  by  division  of  this  nerve. 

1.  After  section  of  the  pneumogastrics,  death  takes  place  by  a  pecu- 
liar congestion  of  the  lungs. 

2.  This  congestion  is  not  directly  produced  by  division  of  the 
nerves,  but  is  caused  by  the  imperfect  admission  of  air  into  the 
chest 

In  adult  dogs,  the  closure  of  the  glottis  from  paralysis  of  the 
laryngeal  muscles  is  less  complete  than  in  pups;  but  it  is  still 
sufficient  to  exert  a  very  decided  influence  on  respiration,  and  to 
take  an  active  part  in  the  production  of  the  subsequent  morbid 
phenomena. 

We  therefore  regard  the  death  which  takes  place  after  division 
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of  both  pneumogastric  nerves,  as  produced  in  the  following  mta 
ner: — • 

The  glottis  is  first  narrowed  bj  paralysis  of  the  laryngeal 
cles,  and  an  imperfect  supply  of  air  is  consequently  admitted,  l>j 
each  inspiralioQ,  into  the  trachea.  Next,  the  stimulus  to  respintioo 
being  very  much  diiniuiahed,  the  respiratory  movements  take  pl«oe 
less  frequently  than  usual.  From  these  two  causes  combined.  th« 
blood  is  imperfectly  artcrialized.  But  the  usual  oonseqnenoe  of 
such  a  condition,  viz.,  an  increased  rapidity  of  the  respiratory 
movements,  does  not  follow.  The  imperfect  arterialtzation  of 
the  blood  does  not  excite  the  respiratory  muscles  to  increased 
activity  as  it  would  do  in  health,  owing  to  the  division  of  the  poeo- 
mogaatrics.  At  the  same  time,  the  accumulation  of  carbt^nic  add 
in  the  blood  and  in  the  tissues  begins  to  exert  a  narcotic  effect, 
diminishing  the  sensibility  of  the  nervous  centres,  and  teuding  to 
retard  still  more  the  movements  of  respiration.  Thus  all  these 
causes  react  upon  and  aggravate  each  other ;  because  the  oonoec* 
tion,  naturally  existing  between  imjjerfeclly  arterialized  blood  and, 
the  stimulus  to  respiration,  is  now  destroyed.  The  narcotism  and 
pulmonary  engorgement,  therefore,  continue  to  increase^  until  the 
lungs  are  so  seriously  altered  and  engorged  that  they  are  no  longer 
capable  of  transmitting  the  blood,  and  circulation  and  re^initioo 
come  to  an  end  at  the  same  time. 

It  must  be  remembered,  also,  that  the  pneumogastric  nerve  has 
other  important  distributions,  beside  those  to  the  larynx  and  the 
lungs;  and  the  eflect  protluced  by  its  division  upon  these  otbff 
organs  has  no  doubt  a  certain  share  in  producing  the  results  which 
follow.  Bearing  in  mind  the  very  extensive  distribution  of  the 
pneumogastric  nerve  and  the  comphcated  character  of  its  func- 
tions, we  may  conclude  that  after  section  of  this  nerve  death  lake* 
place  from  a  combination  of  various  cau.ses ;  the  most  active  0^ 
which  is  a  peculiar  engorgement  of  the  lungs  and  imperfect 
formance  of  the  respiratory  function. 

Stomach,  ami  Digestive  Function, — After  division  of  the  pneoin<^ 
gastric  nerves,  the  sensations  of  hunger  and  thirst  remain,  and  the 
secretion  of  gastric  juice  continues.  Nevertheless  the  digeaOte 
function  is  disturbed  in  various  ways,  though  not  altogether  abo- 
lished. The  appetite  is  more  or  less  diminished,  as  it  would  be 
after  any  serious  operation,  but  it  remains  sufficiently  active  to 
show  that  its  existence  is  not  directly  dependent  on  the  integritv  of 
the  pneumogastric  nerve.    Digestion,  however,  very  seldom  take* 
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place,  to  any  considerable  extent,  owing  to  the  following  circuni' 
stances :  The  animal  is  frequently  seen  to  take  food  and  drink  .with 
considerable  avidity ;  but  in  a  few  moments  afterward  the  food  and 
drink  are  suddenly  rejected  by  a  peculiar  kind  of  regurgitation. 
This  regurgitation  does  not  resemble  the  act  of  vomiting,  but  the 
substances  swallowed  are  again  discharged  so  easily  and  instan- 
taneously  as  to  lead  to  the  belief  that  they  had  never  passed  into 
the  stomach.  Such,  indeed,  is  actually  the  case,  as  any  one  may 
convince  himself  by  watching  the  process,  which  is  often  repeated 
by  the  animal  at  short  intervals.  The  food  and  drink,  taken  volun- 
tarily, pass  down  into  the  oesophagus,  but  owing  to  the  paralysis  of 
&e  muscular  fibres  of  this  canal,  are  not  conveyed  into  the  stomach. 
They  accumulate  consequently  in  the  lower  and  middle  part  of  the 
oesophagus ;  and  in  a  few  moments  are  rejected  by  a  sudden  anti- 
staltic  action  of  the  parts,  excited,  apparently,  through  the  influence 
of  the  great  sympathetic. 

The  muscular  coat  of  the  stomach  is  also  paralyzed  to  a  con- 
nderable  extent  by  section  of  this  nerve.  Longet  has  shown,  by 
introducing  food  artificially  into  the  stomach,  that  gastric  juice 
may  be  secreted  and  the  food  be  actually  digested  and  disappear, 
when  introduced  in  small  quantity.  But  when  introduced  in  large 
quantity,  it  remains  undigested,  and  is  found  after  death,  with  the 
exterior  of  the  mass  softened  and  permeated  by  gastric  juice,  while 
the  central  portions  are  unaltered,  and  do  not  even  seem  to  have 
come  in  contact  with  the  digestive  fluid.  This  is  undoubtedly 
owing  both  to  the  diminished  sensibility  of  the  mucous  membraner 
of  the  stomach,  and  to  the  paralysis  of  its  muscular  fibres.  The 
peristaltic  action  of  the  organ  is  very  important  in  digestion,  in 
order  to  bring  successive  portions  of  the  food  in  contact  with  its 
mucous  membrane,  and  to  carry  away  such  as  are  already  softened 
or  as  are  not  capable  of  being  digested  in  the  stomach.  This 
constant  movement  and  agitation  of  the  food  is  probably  also  one 
great  stimulus  to  the  continued  secretion  of  the  gastric  juice.  The 
digestive  fluid  will  therefore  be  deficient  in  quantity  after  division 
of  the  pneumogastric  nerve,  at  the  same  time  that  the  peristaltic 
movements  of  the  stomach  are  suspended.  Under  these  circum- 
stances, the  secretion  of  gastric  juice  may  be  suflBcient  to  permeate 
and  digest  small  quantities  of  food,  while  a  larger  mass  may  resist 
its  action,  and  remain  undigested.  The  effect  produced  by  division 
of  these  nerves  on  the  digestive,  as  on  the  respiratory  organs,  is 
therefore  of  a  complicated  character,  and  results  from  the  combined 
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action  of  sevoral  diflerent  causes,  whicB  influence  and  modify  each 
other. 

The  eflFect  produced  upon  the  liver  by  section  of  the  pneumo- 
gastrics,  as  well  as  the  iufluenee  usually  exerted  by  the^  nerves  j 
upou  the  hepatic  function?,  has  been  so  little  studied  that  nolhiag ' 
definite  has  been  ascertained  in  regard  to  it.     We  shall  thereibrs 
pass  over  this  portion  of  the  subject  in  silence. 


Spinal  Acce.ssoby. — This  nerve  originates,  by  many  filameati 
from  the  side  of  the  medulla  oblongata,  immediately  below  tifl 
level  of  the  pneumogastric,  and  also  from  the  lateral  column  of  the 
spinal  cord,  between  the  anterior  and  posterior  roots  of  the  upp« 
five  or  six  cervical  nerves.     The  nerve  has,  accordingly,  two  set* 
of  root-fihres,  viz.,  the  spinal  roots,  or  those  originating  from  the 
lateral  portion  of  the  spinal  cord;  and  the  medttllary  roots,  or  those 
originating  from  the  medulla  oblongata.    The  fibres  of  spinal  ori- 
gin pass  upward,  uniting  into  a  slender  rounded  filament,  which 
enters  the  cavity  of  the  cranium  by  the  foramen  magnum,  andi< 
then  joined  by  the  fibres  which  originate  from  the  medulla  oblon- 
gata.    The   spinal   accessory  nerve,  thus   constituted,  passes  out 
tVom  the  cavity  of  the  skull  by  the  posterior  foramen  laceruin,  in 
company  with  the  glo.sso-pharyngeal  and  pneumogastric  ncrres. 
Immediately  afterward  it  divides   into  two   principal   brancbes: 
First,  the  internal  or  anastomotic  branch,  which  joins  the  pneunjo- 
gastric  nerve,  and  becomes  mingled  with  its  fibres ;  and,  secoudly, 
the  external  or  rnvscidar  branch,  which  passes  downward  and  otrt- 
ward,  and  is  distributed  to  the  sterno-mastoid  and  trapezius  mus- 
cles.    The  internal  or  anastomotic  branch,  as  has  been  well  shown 
by  Bernard,'  is  composed  exclusively  of  the  medullary  roots  of  lb* 
nerve,  while  the  external  or  muscular  branch  consists  altogethC 
of  the  fibres  originating  from  the  spinal  cord. 

The  sjiinal  accessory  is  essentialiy  a  motor  nerve.  It  has 
found,  both  by  Bernard  and  Longet,  to  be  insensible  at  ita  d 
like  the  anterior  roots  of  the  spinal  nerves;  but  if  irritated  after  » 
exit  from  the  skull,  it  gives  signs  of  sensibility.  This  sensibility 
acquires  from  the  filaments  of  inosculation  which  it  receives  firo 
the  anterior  branches  of  the  first,  second,  and  third  cervical  nenr 
Though  its  external  branch,  accordingly,  is  exclusively  distribai 
to  muscles,  as  we  have  already  seen,  this  branch  contains  some  se: 
tive  fibres,  which  have  the  same  destination.    The  reason  for  lb 
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anatomical  feot^  viz.,  that  motor  nerves  are  supplied  during  their 
course  with  sensitive  fibres,  becomes  evident  when  we  reflect  that  the 
muscles  themselves  possess  a  certain  degree  of  sensibility,  though 
less  acute  than  that  which  belongs  to  the  skin.  The  sensibility  of 
the  muscles  is  undoubtedly  essential  to  the  perfect  performance  of 
their  function;  and  as  the  motor  nerves  are  incapable,  by  them- 
selves, of  transmitting  sensitive  impressions,  they  are  joined,  soon 
after  their  origin,  by  other  filaments  which  communicate  to  them 
this  necessary  power. 

The  most  important  result  which  has  been  obtained  by  experi- 
ment upon  the  spinal  accessory  nerve,  is  that  its  internal  or  anasto- 
motic branch  is  directly  connected  with  the  vocal  movements  of  the 
glottis.  It  has  been  found  by  Bischofl^  by  Longet,  and  by  Bernard, 
that  if  the  spinal  accessory  nerves  on  both  sides,  or  their  branches 
of  inosculation  with  the  pneumogastric,  be  divided  or  lacerated, 
the  pneumogastric  nerves  themselves  being  left  entire,  the  voice  is 
instantly  lost,  and  the  animal  becomes  incapable  of  making  a  vocal 
sound.  We  have  also  found  this  result  to  follow,  in  the  cat,  after 
the  spinal  accessory  nerves  have  been  torn  out  by  their  roots, 
through  the  jugular  foramen.  The  animal,  after  this  operation,  can 
no  longer  make  an  audible  sound.  At  the  same  time  the  respira- 
tory movements  of  the  glottis  go  on  undisturbed,  and  most  of  the 
other  animal  functions  remain  unaflFected. 

The  fibres  of  communication,  therefore,  derived  from  the  spinal 

•coessory,  pass  to  the  pneumogastric  nerve  and  become  entangled 

with  its  other  filaments,  so  that  they  can  no  longer  be  traced  by 

•'•^tomical  dissection.    They  pass  downward,  however,  and  become 

*  p€Mrt  of  the  motor  fibres  of  the  inferior  laryngeal  or  recurrent 

'*'"*»-«iches  of  the  pneumogastric;  being  finally  distributed  to  the 

*"3iscles  of  the  larynx,  which  they  supply  with  those  nervous  influ- 

*^o^3  which  are  required  for  the  formation  of  the  voice. 

_^he  special  function  of  the  external  or  muscular  branch  of  the 
^*-*aal  accessory  is  not  so  fully  understood.  This  branch,  as  we 
^"^^e  seen,  is  distributed  to  the  sterno-mastoid  and  trapezius  mus- 
^^^*=~     But  these  muscles  also  receive  filaments  from  the  cervical 


F*^*-^*ial  nerves ;  and,  accordingly,  they  still  retain  the  power  of  mo- 
'"^^  to  a  certain  degree,  after  the  external  branches  of  the  spinal 
'^'^^^essory  have  been  divided  on  both  sides. 

^_   Ihe  spinal  accessory  is,  accordingly,  a  nerve  of  very  peculiar 
^^tribution.    For  it  partly  supplies  motor  fibres  to  the  pneumo- 
ttric  nerve^  and  is  partly  distributed  to  two  muscles,  both  of 
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which  also  receive  motor  nerves  from  another  source.  Sir  Charla 
Bell,  noticing  the  close  connection  between  this  nerve  and  tbe 
pneurnogastric,  regarded  the  two  as  associated  also  in  their  func- 
tion, as  nerves  of  respiration.  He  considered,  therefore,  the  cxter 
nal  branch  of  the  spinal  accessory  as  destined  to  assist  in  the 
moveineots  of  respiration,  when  these  movements  become  uniuu- 
ally  laborious,  by  bringing  into  play  the  sterno-mastoid  and  irapc 
zius  muscles,  in  aid  of  the  action  of  the  intercostals.  He  therefore 
called  this  nerve  the  "superior  respiratory  nerve/' 

But  the  most  satisfactory  explanation  of  this  peculiarity  is  \hx 
proposed  by  M.  Bernard.  According  to  tliis  explanation,  whenever 
a  muscle,  or  set  of  muscles,  derive  their  nervous  influence  from  two 
different  sources,  this  is  not  for  the  purpose  of  assisting  them  in  tbe 
performance  of  the  same  function,  but  of  enabling  them  to  perfonn 
two  different  functions.  We  have  seen  this  already  exemplified  io 
the  muscles  of  the  larynx.  For  these  muscles  perform  cscrtiio 
movements  of  respiration  for  which  they  receive  indirectly  filaments 
from  the  facial,  hypoglossal,  and  cervical  nerves.  But  they  al» 
perform  the  movements  necessary  to  the  formation  of  the  voice,  tbe 
nervous  stimulus  for  which  is  derived  altogether  from  the  spiiuJ 
accessory. 

The  internal  branch  of  the  spinal  accessory,  accordingly,  excitei 
in  the  parts  to  which  it  is  distributed  a  function  which  is  incompa- 
tible with  respiration.  For  the  movements  of  respiration  caaDOi 
go  on  while  the  voice  is  sounded;  and  a  necessary  prelimiMJT 
to  the  production  of  a  vocal  sound,  is  the  temporary  stoppage  <rf 
respiration.  The  movements  of  respiration,  therefore,  and  Uw 
movements  of  the  voice  alternate  with  each  other,  but  are  oewr 
simultaneous;  so  that  the  internal  branch  of  the  spinal  accessor; is 
antagonistic  to  the  motor  fibres  of  the  larynx  derived  from  olh« 
nerves. 

It  is  thought  by  M.  Bernard,  that  the  fibres  of  the  external 
branch  of  the  spinal  accessory  have  also  a  function  which  is  anta- 
gonistic to  re.spirati<m.  For  respiration  is  naturally  suspended  in 
all  steady  and  prolonged  muscular  ellbrts.  In  these  eflbrts,  such  as 
those  of  straining,  liiling,  and  the  like,  the  movements  of  respira- 
tion oease,  the  spinal  column  is  made  rigid  by  the  contraction  of 
its  muscles,  and  the  head  and  neck  are  placed  in  a  fixe*!  ptwiticm. 
principally  by  the  contraction  of  the  sterno-mastoid  and  trapezias 
muscles.  The  function  of  the  spinal  accessory,  in  both  its 
is  therefore  regarded  as  destined  to  excite  movements 
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icompatible  with  those  of  respiration ;  and  which  accordingly  come 
ito  play  only  when  the  ordinary  movements  of  respiration  have 
een  temporarily  suspended. 

HTPOOLOSSAL. — The  hypoglossal  nerve  originates  from  a  collec- 
on  of  gray  matter,  in  the  medulla  oblongata,  which  is  termed  the 
hypoglossal  nucleus,"'  and  which  is  a  continuation  of  the  ante- 
ior  horn  of  gray  matter  of  the  spinal  cord.  Its  fibres  emerge 
•cm  the  lower  portion  of  the  medulla,  just  outside  the  anterior 
yramids,  and  passing  through  the  anterior  condyloid  foramen, 
re  finally  distributed  to  the  muscles  of  the  tongue.  Irritation  of 
he  nerve  in  any  part  of  its  course  produces  convulsive  twitching 
n  this  organ.  Its  section  paralyzes  completely  the  movements  of 
he  tongue  without  afiecting  directly  the  sensibility  of  its  mucous 
nembrane.  This  nerve,  accordingly,  is  the  motor  nerve  of  the 
ongue.  If  irritated  at  its  origin,  the  hypoglossal  nerve,  according 
o  the  experiments  of  Longet,  is  entirely  insensible ;  but  if  the  irri 
ation  be  applied  in  the  middle  of  its  course,  signs  of  pain  are 
Dunediately  manifested.  Its  sensibility,  like  that  of  the  facial,  ia 
onseqtiently  derived  from  its  inosculation  with  other  sensitive 
orves,  after  its  emergence  from  the  skull. 

*  Dr.  John  Dean.    Qraj  Sabstance  of  the  Medulla,  &c.,  p.  18. 
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CHAPTER    VI. 


THE  SPECIAL  SENSES. 


General  and  Special  Sensibility. — We  have  already  «ea 
that  there  exists,  in  the  general  integument,  a  power  of  sensation, Ij 
which  we  are  made  acquainted  with  surrounding  objects  and  sow 
of  their  most  important  physical  qualities.    By  this  power  wefisd 
the  sensations  of  heat  and  cold,  and  are  enabled  to  distingniih 
between  hard  and  soft  substances,  rough  bodies  and  sinooib.  solids 
and  liquids.     This  kind  of  power  is  termed  Gnieral  &wil»i% 
because  it  resides  in  the  general  integument,  and  becaase  hy  it* 
aid  we  obtain  information  with  regard  to  the  simplest  and  mo* 
material  properties  of  external  objects. 

The  general  sensibility,  thus  existing  in  the  integument,  is  la 
endowment  of  the  sensitive  nerves  derived  from  the  cerebro-spiiul' 
system.  These  nerves  ramify  in  the  substance  of  the  skin,  and  by 
subsequent  inosculation  form  a  minute  plexus  in  the  superiiciil 
portions  of  the  tissue  of  the  oorium.  From  this  plexus,  the  ull 
mate  filaments,  reduced  to  an  exceedingly  minute  size,  pass 
ward  into  the  conical  papillee  with  which  the  free  surface  of 
corium  is  covered.  In  the  papillas  the  nervous  filaments  tenniastc 
sometimes  by  loops  returning  upon  themselves,  and  sometiroea  ip- 
parently  by  free  extremities.  The  papillte  are  also  supplied  wilh 
looped  capillary  bloodvessels,  and  are  capable  of  reoeivi 
abundant  vascular  injection. 

These  papillai  appear  to  be  the  most  essential  organs  of 
sensation,  since  the  sensibility  of  the  skin  is  most  acute  where 
are  most  abundant  and  most  highly  developed,  as,  for  example,  oo 
the  palm  of  the  hand  and  the  tips  of  the  fingers. 

The  best  method  of  measuring  accurately  the  sensibility  of  dif* 
ferent  regions  is  that  adopted  by  Professors  Weber  and  Valeatifl. 
They  applied  the  rounded  points  of  a  pair  of  compaaaes  to  th*' 
integument  of  different  partSj  and  found  that  if  they  were 
very  near  together  they  could  no  longer  be  distinguished  as 
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oints,  but  the  two  sensations  were  confounded  into  one.  The 
ce,  however,  at  which  the  two  points  failed  to  be  distinguished 
each  other,  was  much  shorter  for  some  parts  of  the  body 
for  others.  Prof.  Valentin's  measurements,^  -which  are  the 
varied  and  complete,  give  the  following  as  the  limits  of  dis- 
)erception  in  various  parts : — 

Pabu  Lnrs. 

U  the  tip  of  tongae .483 

"  palmar  surface  of  tipe  of  fingers      ....           .723 

"  "        "        of  second  phalanges        .        .        .  1.558 

-  "        "        of  first  phalanges    ....  1.660 

"     dorsum  of  tongue 2.500 

"     dorsal  surface  of  fingers 3.900 

"     obeek 4.541 

**     back  of  band 6.966 

"     skin  of  throat 8.292 

"     dorsum  of  foot 12.625 

**     skin  over  sternum 15.875 

"     middle  of  back 24.208 

a  method  cannot,  of  course,  give  the  absolute  measure  of  the 
€88  of  sensibility  in  the  different  regions,  since  the  two  points 

be  less  easily  distinguished  from  each  other  in  any  one  re- 
uid  yet  the  absolute  amount  of  sensation  produced  might  be 
at  as  in  the  surrounding  parts ;  still  it  is  undoubtedly  a  very 
ite  measure  of  the  delicacy  of  tactile  sensation,  by  which  we 
abled  to  distinguish  slight  inequalities  in  the  surface  of  solid 
L  We  find,  furthermore,  that  certain  parts  of  the  body  are 
alarly  well  adapted  to  exercise  the  function  of  general  sen- 
,  not  only  on  account  of  the  acute  sensibility  of  their  integu- 
bnt  also  owing  to  their  peculiar  formation.  Thus,  in  man, 
Mids  are  especially  well  formed  in  this  respect,  owing  to  the 
lation  and  mobility  of  the  fingers,  by  which  they  may  be 
jd  to  the  surface  of  solid  bodies,  and  brought  successively 
itact  with  all  their  irregularities  and  depressions.  The  hands 
erefore  more  especially  used  as  organs  of  touch,  and  we  are 
mabled  to  obtain  by  their  aid  the  most  delicate  and  precise 
lation  as  to  the  texture,  consistency,  and  configuration,  of 
a  bodies. 

the  hands  are  not  the  exclusive  organs  of  touch,  even  in  the 
1  subject,  and  in  some  of  the  lower  animals,  the  same  fiinc- 

Todd's  Cyolopsdla  of  Anatomy  and  Pbysiologx,  rol.  ir.,  article  on  Tooeh, 
Caip«Dti>' 
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tioii  is  fully  performed  by 


other  parts  of  the  body.    Thui  i 


lormen  oy  various 
in  the  cat  and  in  the  seal,  the  long  bristles  seated 
used  for  tbia  purpose,  each  bristle  being  connected  at  its  hue  with 
a  highly  developed  nervous  papilla :  in  some  of  the  monkeys  tbe 
extremity  of  tbe  prehuiisile  tail,  and  in  the  elephant  the  end  of  the 
nose,  which  is  developed  into  a  flexible  and  sensitive  proboeciiki* 
employed  as  an  organ  of  touch.  This  function,  therefore,  may  be 
performed  by  either  one  part  of  the  body  or  another,  providad  the 
accessory  organs  be  developed  in  a  favorable  manner. 

About  the  head  and  face,  the  sensibility  of  the  skin  is  dependeot 
mainly  upon  branches  of  tbe  fiifth  pair.  In  the  neck,  trunk,  and 
extremities  it  is  due  to  the  sensitive  fibres  of  the  cervical,  dorsil. 
and  lumbar  spinal  nerves.  It  exists  also,  to  a  considerable  extort, 
in  the  mucous  niembranes  of  tbe  mouth  and  nose,  and  of  the  pu- 
sages  leading  from  them  to  the  interior  of  the  body.  In  these 
situations,  it  depends  upon  the  sensitive  filaments  of  certain  of  ibe 
cranial  nerves,  viz.,  the  fifth  pair,  the  glosso-pharyngeal,  and  the 
pneumogastric.  The  sensibility  of  the  raucous  membranes  is  mo* 
acute  in  those  parts  supplied  by  branches  of  the  fifth  pair,  Tix,  the 
conjunctivat  anterior  part  of  the  nares,  inside  of  the  lips  and  cfaeeb. 
and  the  anterior  two- thirds  of  the  tongue.  At  tbe  base  of  tbe 
tongue  and  in  the  fauces,  where  the  raucous  membrane  ia  soppIieJ 
by  filaments  of  the  glosso-pharyngeal  nerve,  the  general  seoBibility 
is  less  perfect;  and  finally  it  diminishes  rapidly  from  tlie  appef 
part  of  the  cesophagus  and  the  glottis  toward  the  stomach  and  the 
lungs.  Thus,  %ve  can  appreciate  the  temperature  and  conastencr 
of  a  foreign  substance  very  readily  in  the  mouth  and  &aceB,  but 
these  qualities  are  less  distinctly  perceived  in  the  oesophagus,  «»i 
not  at  all  in  the  stomach,  unles.s  the  foreign  body  happea  to  ht 
excessively  hot  or  cold,  or  unusuallj'  hard  and  angular  in  a 
The  general  sensibility,  which  is  resident  in  the  skin  and  in  a  certata 
portion  of  the  mucous  membranes,  diminishes  in  degree  from  with- 
out  inward,  and  disappears  altogether  in  those  organs  vrbich  «w 
not  .supplied  with  nerves  from  the  cerebro-.spinal  system. 

It  is  particularly  to  be  observed,  however,  that  while  the  geaenl 
sensibility  of  the  skin,  and  of  the  mucous  membranes  above  men- 
tioned, varies  in  acuteness  in  diftercnt  parts  of  the  body,  it  is  w^fy- 
where  the  same  in  kind.  The  tactile  sensations,  produced  by  the 
contact  of  a  foreign  body,  are  of  precisely  the  same  nature  wbctbcr 
they  be  felt  by  the  tips  of  the  fingers,  the  dorsal  or  palmar  5ttr<i»oe» 
of  the  hands,  the  lips,  cheeks,  or  any  other  part  of  the  integumenl- 
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"he  only  difference  in  tbe  sensibility  of  these  parts  lies  in  the  de* 
ree  of  its  development. 

But  there  are  certain  other  sensations  which  are  different  in  kind 
rom  those  perceived  by  the  general  integument,  and  which,  owing 
)  their  peculiar  and  special  character,  are  termed  special  sensations. 
>ach  are,  for  example,  the  sensation  of  light,  the  sensation  of  sound, 
he  sensation  of  savor,  and  the  sensation  of  odors.  The  special 
ensibility  which  enables  us  to  feel  the  impressions  derived  from 
heee  sources  is  not  distributed  over  the  body,  like  ordinary  sensi- 
lilitj,  but  is  localized  in  distinct  organs,  each  of  which  is  so  con- 
tituted  as  to  receive  the  special  sensation  peculiar  to  it,  and  no 
tfcher. 

Thus  we  have,  beside  the  general  sensibility  of  the  skin  and 
aucous  membranes,  certain  peculiar  faculties  or  special  senses,  as 
hey  are  called,  which  enable  us  to  derive  information  from  eX' 
emal  objects,  which  we  could  not  possibly  obtain  by  any  other 
aeans.  Thus  light,  however  intense,  produces  no  perceptible  sen- 
ation  when  allowed  to  fall  upon  the  skin,  but  only  when  admitted 
o  the  eye.  The  sensation  of  sound  is  perceptible  only  by  the 
ar,  and  that  of  odors  only  by  the  olfactory  membrane.  These 
liffisrent  sensations,  therefore,  are  not  merely  exaggerations  of 
ordinary  sensibility,  but  are  each  distinct  and  peculiar  in  their 
lature,  and  are  in  relation  with  distinct  properties  of  external 
>bject8. 

In  examining  the  organs  of  special  sense,  we  shall  find  that  they 
ach  consist — First,  of  a  nerve,  endowed  with  the  special  sensibility 
equired  for  the  exercise  of  its  peculiar  function ;  and,  Secondly,  of 
ertain  accessory  parts,  forming  an  apparatus  more  or  less  compli- 
ated,  which  is  intended  to  assist  in  its  performance  and  render  it 
Qore  delicate  and  complete.  We  shall  take  up  the  consideration 
f  the  special  senses  in  the  following  order.  First,  the  sense  of 
?aste ;  second,  that  of  Smell ;  third,  that  of  Sight ;  and  fourth,  that 
f  Hearing. 

Taste. — We  begin  the  study  of  the  special  senses  with  that  of 
?ast^  because  this  sense  is  less  peculiar  than  any  of  the  others,  and 
ififers  less,  both  in  its  nature  and  its  conditions,  from  the  ordinary 
visibility  of  the  skin.  In  the  first  place,  the  organ  of  taste  is  no 
ther  than  a  portion  of  the  mucous  membrane,  beset  with  vascular 
nd  nervous  papillae,  similar  to  those  of  the  general  integument 
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Secondly,  it  gives  us  impressions  of  such  substances  only  as 
actually  iu  contact  with  seni;itive  surfaces,  and  can  establish 
communication  with  objects  at  a  distance.     Thirdly,  the  sur&ca 
"wbich  exercise  the  sense  of  taste  are  also  endowed  wit ;  1  Mn- 

eibility;  and  Fourthly,  there  is  no  one  special  and  >  uem 

of  taste,  but  this  property  resides  in  portions  of  two  diC&rcnt 
nerves,  viz.,  the  iifth  pair  auJ  the  glosso-pharyngeal ;  nerves  wbich 
also  supply  general  sensibility  to  the  mouth  and  surrounding  partu 

The  sense  of  taste  is  localized  in  the  mucous  membrane  of  tlie 
tongue,  the  soft  palate,  and  the  fauces.  The  tongue,  which  Ls  more 
particularly  the  seat  of  this  sense,  is  a  flattened,  leaf-like,  moacukr 
organ,  attached  to  the  inner  surface  of  the  symphysis  of  the  lower 
jaw  in  front,  and  to  the  os  hyoides  behind.  It  has  a  vertical  sheet 
or  lamina  of  fibrous  tissue  in  the  median  line,  which  serves  as* 
framework,  and  is  provided  with  an  abundance  of  lougiiudin»l 
transverse  and  radiating  muscular  fibres,  by  which  it  can  be  eloo- 
gated,  retracted,  and  moved  about  in  every  direction. 

The  mucous  membrane  of  the  fauces  and  posterior  third  ot  On' 
tongue,  like  that  lining  the  cavity  of  the  mouth,  is  covered  witli 
minute  vascular  papiihe,  similar  to  those  of  the  skin,  which  tn, 
however,  imbedded  and  concealed  in  the  smooth  layer  of  epithi'- 
hum  forming  the  surface  of  the  organ.  But  about  the  junction  of 
its  posterior  and  middle  thirds,  there  is,  upon  the  dorsum  of  the 
tongue,  a  double  row  of  rounded  eminences,  arranged  in  a  V-sliapo^ 
figure,  running  forward  and  outward,  on  each  side,  from  the  situa- 
tion of  the  foramen  caecum ;  and,  from  this  point  forward,  the  upptr 
surface  of  the  organ  is  everywhere  covered  with  an  abundatu*  of 
thickly-set,  highly  developed  papilloe,  projecting  from  its  bu 
and  readily  visible  to  the  naked  eye. 

Tiiese  lingual  papilla?  are  naturally  divided  into  three  di 
sets  or  kinds.  First,  the  filtform.  jiajiillx,  which  are  the  most 
rous,  and  which  cover  most  uniformly  the  upper  surface  of  ^ 
organ.  They  are  long  and  slender,  and  are  covered  with  a  so^>^ 
what  horny  epithelium,  usually  prolonged  at  their  free  cxtremitj 
into  a  filamentous  turt.  At  the  edges  of  the  tongue  these  pjipill* 
are  often  united  into  parallel  ranges  or  ridges  of  the  raucous  tnera- 
brane.  Secondly,  the  fanfjlforvi  papillse.  These  are  thicker  ifld 
larger  than  the  others,  of  a  rounded  club-shaped  figure,  and  covered 
with  soft,  permeable  epithelium.  They  are  most  abundant  at  lb* 
tip  of  the  tongue,  but  may  be  seen  elsewhere  on  the  surface  of  the 
organ,  scattered  among  the  filiform  papilla?.    Thirdly,  the  ci 
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llate  papiVge.  These  are  the  rounded  eminences  which  form  the 
V-shaped  figure  near  the  situation  of  the  foramen  cfBcum.  Thej 
are  eight  or  ten  in  number.  Each  one  of  them  is  surrounded  by 
a  circular  wall,  or  circumvallation,  of  mucous  membrane,  which 
gives  to  them  their  distinguishing  appellation.  The  circumvalla- 
lion,  as  well  as  the  central  eminence,  baa  a  structure  similar  to  that 
of  the  fungiform  papillae. 

The  sensitive  nerves  of  the  tongue,  as  we  have  already  seen,  ar« 
two  in  number,  viz.,  the  lingual  brunch  of  the  fifth  pair,  and  the 
lingual  portion  of  the  glossopharyngeal.  The  lingual  branch  of 
the  fifth  pair  enters  the  tongue  at  the  anterior  border  of  the  hyo- 
glossus  muscle,  and  its  fibres  then  run  through  the  muscular  tissue 
of  the  organ,  from  below  upward  and  from  behind  forward,  with» 
out  any  ultimate  distribution,  until  they  reach  the  mucous  meni> 
brane.  The  nervous  filaments  then  penetrate  into  the  lingual 
papillxe,  where  they  finally  terminate.  The  exact  mode  of  their 
termination  is  not  positively  known.  According  to  Kolliker,  they 
sometimes  seem  to  end  in  loops,  and  sometimes  by  free  extremities. 

The  lingual  portion  of  the  glosso-pharyngeal  nerve  passes  into 
the  tongue  below  the  posterior  border  of  the  hyo>glosBua  muscle. 
It  then  divides  into  various  branches,  which  pass  through  the  mus- 
cular tissue,  and  are  finally  distributed  to  the  mucous  membrane  of 
the  base  and  sides  of  the  organ. 

Pig.  Ifi-L 


OlAomAM  OP  TiiiaCE,  vilb  lUMBsUlre  ••rTMftad  p*pllU>.— 1.  UsfOAl  bruieli  of  Utk  pali^ 

%  tnii«in  trtiirrnc"!  ••rr*. 

The  mucous  membrane  of  the  base  of  the  tongue,  of  ita  edges, 
and  its  under  surface  near  the  tip,  as  well  as  the  mucous  membrane 
of  the  mouth  and  fauces  generally,  is  also  suppliefl  with  mucous 
folliclea,  which  furnish  a  viscid  secretion  by  which  the  free  surface 
of  the  parta  is  lubricated. 
82 
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FiQally,  the  muscles  of  the  loague,  it  will  be  remembered,  in 
animated  exclusively  by  the  filaments  of  the  hypoglossal  nerve, 

The  exact  seat  of  the  sense  of  taste  has  been  detertnioud  br 
placing  in  contact  with  dififerent  parts  of  the  mucous  membraiK!  a 
small  sponge,  moistened  with  a  solution  of  some  sweet  or  bitter 
substance.  The  experiments  of  Verni^re,  Longet  and  others  have 
shown  that  the  sense  of  taste  resides  in  the  whole  superior  surface, 
the  point  and  e<lges  of  the  tongue,  the  soft  palate,  fauoes,  and  part 
of  the  pharynx.  The  base,  tip,  and  edges  of  the  tongue  aeem  v> 
possess  the  most  acute  sensibility  to  savors,  the  middle  portion  of 
its  dorsum  less  of  this  sensibility,  and  its  inferior  surfaces  little  or 
none.  Now  aa  the  whole  anterior  part  of  the  organ  is  supplied  h? 
the  lingual  branch  of  the  fifth  pair  alone,  and  the  whole  of  its 
posterior  portion  by  the  glosso-pharyngeal,  it  follows  that  the  «eo« 
of  taste,  in  these  different  parts,  is  derived  from  these  two  dilfcreoi 
nerves. 

Furthermore,  the  tongue  is  supplied,  al  the  same  time  and  h^lke 
same  nt^rves,  with  general  sensibilitrj  and  tvith  Ike  special  KTisihililijtf 
taste.  The  general  sensibility  of  the  anterior  p>rtion  of  the  loDjrae, 
and  that  of  the  branch  of  the  fitih  pair  with  which  it  is  supplied, 
are  sufficiently  %vell  known.  Section  of  the  fifth  pair  destroys  the 
sensibility  of  this  part  of  the  tongue  as  well  as  that  of  the  feslof 
the  face.  Longet  has  found  that  after  the  lingual  branch  of  this 
nerve  has  been  divided,  the  mucous  membrane  of  the  anterior  two- 
thirds  t>f  the  tongue  may  be  cauterized  with  a  hot  iron  or  with 
caustic  potassa,  in  the  living  animal,  without  producing  any  sigooT 
pain.  Dr.  John  Keid,  on  the  other  hand,  together  with  other  experi- 
menters, has  determined  that  ordinary  sensibility  exists  in  a  marfwd 
degree  in  the  glosso-pharyngeal,  and  is  supplietl  by  it  to  the  pn 
to  which  this  nerve  is  distributed. 

Accordingly  we  must  distinguish,  in  the  impressions 
by  foreign  aiibstances  taken  into  the  mouth,  between  the 
impresshns  derived  from  their  sapid  qtialitiea,  and  the  gcntrot  ttnit 
tions  jtrndured  hy  their  ordinary  physical  proi^rties.  As  the  lontroe  M 
exceedingly  sensitive  to  ordinary  impressions,  and  as  the  same  body 
b  often  capable  of  exciting  both  the  tactile  and  gustatory  fiinctioDSk 
these  two  properties  arc  sometimes  liable  to  be  confounded  vilh 
each  other  by  careless  observation.  The  truly  aapid  qaalitiflt^ 
however,  the  only  ones,  properly  sp>eaking,  which  we  penoeive  bj 
the  sense  of  taste,  are  such  savors  as  we  designate  by 
tweet,  hitter,  salt,  sour,  alkaline,  and  the  like.     But  there 
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Other  properties,  belonging  to  various  articles  of  ftx)d.  which  belong 
really  to  the  class  of  ordinary  physical  qualities  and  are  appre- 
ciated by  the  ordinary  sensibility  of  the  tongue,  though  we  usually 
apeak  of  thera  as  being  perceived  by  the  taste.  Thus  a  starchy, 
vtBcitl,  watery,  or  Qhaginous  taste  is  merely  a  ceriaio  variety  of  con- 
sistency in  the  substance  tasted,  which  may  exist  either  alone  or  in 
connection  with  real  savors,  but  which  is  exclusively  perceived  by 
means  of  the  general  sensibility.  So  also  with  a  pungent  or  burning 
taste,  such  as  that  of  red  pepper  or  any  other  irritating  powder. 
The  quality  of  piquawy  in  the  preparation  of  artificial  kinds  of 
food  is  always  communicated  to  them  by  the  addition  of  some  such 
irritating  substance.  The  styptic  taste  seems  to  be  a  combination  of 
an  ordinary  irritant  or  astriugeut  eflect  with  a  peculiar  taste,  which 
we  always  associate  with  the  former  quality  in  astringent  sub- 
stances. 

There  is  also  sometimes  a  liability  to  confound  the  real  taste  of 
certain  substances  with  their  odorous  properties,  or  flavors.  Thus 
in  most  aromatic  articles  of  food,  such  as  tea  and  coflfee,  and  in 
various  kinds  of  wine,  a  great  part  of  what  we  call  the  taste  is  in 
reality  due  to  the  aroraa,  or  smell  which  reaches  the  nares  during 
the  act  of  swallowing.  Even  in  many  solid  kinds  of  food,  such  as 
freshly  cooked  meats,  the  odor  protluces  a  very  important  part  of 
their  effect  on  the  senses.  We  can  easily  convince  ourselves  of  this 
by  holding  the  nose  while  swallowing  such  substances,  or  by  recol- 
lecting how  much  a  common  catarrh  interferes  with  our  perception 
of  their  taste. 

The  most  important  conditions  of  the  sense  of  taste  are  the  fol- 
lowing : — 

In  the  first  place,  the  sapid  substance,  in  order  that  its  taste  may 
be  perceived,  must  be  brought  in  contact  with  the  mucous  mem- 
brane of  the  mouth  in  a  state  of  solution.  So  long  as  it  remains 
solid,  however  marked  a  savor  it  may  possess,  it  gives  no  other 
impression  than  that  of  any  foreign  body  in  contact  with  the  .sensi- 
tive surfaces.  But  if  it  be  applied  in  a  liquid  form^  it  is  then  spread 
over  the  surface  of  the  raucous  membrane,  and  its  taste  is  imme- 
diately perceived.  Thus  it  ia  only  the  liquid  and  soluble  portions 
of  our  food  which  are  tasted,  such  as  the  animal  and  vegetable 
juices  and  the  soluble  salts.  Saline  substances  which  are  insoluble, 
such  as  calomel  or  carbonate  of  lead,  when  applied  to  the  tongue, 
produce  no  gustatory  sensation  whatever. 

The  mechanism  of  the  sense  of  taste  is,  therefore,  in  all  proba- 
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bility,  a  direct  and  simple  one.  The  sapid  substances  in  solufioft 
penetrate  the  lingual  papilla?  by  endosniosis,  and,  coining  in  actaal 
contact  with  the  terminal  nervous  filaments,  excite  their  seosibdtitr 
by  uniting  with  their  substance.  We  have  already  seen  that  the 
rapidity  with  which  endosmosis  will  take  place  under  certain  con- 
ditions is  sufficiently  great  to  account  for  the  almost  instontaiMOi 
perception  of  the  taste  of  sapid  substances  when  introduced  into  tii« 
mouth. 

It  is  on  this  account  that  a  free  secretion  of  the  salivary  fluid»  ii 
BO  essential  to  the  full  performance  of  the  gustatory  function.  If 
the  mouth  be  dry  and  parched,  our  food  seems  to  have  lost  its  taste; 
but  when  the  saliva  is  freely  secreted,  it  is  readily  mixed  withtha 
food  in  mastication,  and  assists  in  the  solution  of  its  sapid  ingredi- 
ents; and  the  fluids  of  the  mouth,  thus  impregnated  with  the  savory 
substances,  are  absorbed  by  the  mucous  membrane,  and  excite  the 
gustatory  nerves.  An  important  part.,  also,  is  taken  in  this  procoB 
by  the  movements  of  the  tongue ;  for  by  those  raoveraents  the  fijod 
is  carried  from  one  part  of  the  mouth  to  another,  pressed  aguiiut 
the  hard  palate,  the  gums,  and  the  cheeks,  its  solution  assisted,  vA 
the  penetration  of  the  fluids  into  the  substance  of  the  papillw  more 
rapidly  accomplished.  If  a  little  powdered  sugar,  or  some  veg^ 
table  extract  be  simply  placed  upon  the  dorsum  of  the  tongue,  but 
little  effect  is  produced  ;  but  as  soon  as  it  is  pressed  by  the  tongoe 
against  the  roof  of  tho  mouth,  as  naturally  happens  in  eating  w 
drinking,  its  taste  is  immediately  peroeived.  This  effect  is  easily 
explained;  since  we  know  how  readily  movement  over  a  free  i^ 
face,  combioed  with  slight  friction,  will  facilitate  the  imbihitionof 
liquid  substances.  The  nervous  papillaj  of  the  tongue  may  tbere- 
fore  be  regarded  as  the  es.scntial  organs  of  the  sense  of  taste,  wkI 
the  litigual  muscles  as  its  accessory  organ.s. 

The  fall  effect  of  sapid  stibs/a7ices  is  not  ohlained  until  M>»j/  areofUi- 
ally  swallowed.  During  the  preliminary  pnxiess  of  mastication  a 
sufficient  degree  of  impression  is  produced  to  enable  ns  to  pcrceiw 
the  presence  of  any  disagreeable  or  injurious  ingredient  in  the  fooi 
and  to  get  rid  of  it,  if  we  desire.  But  it  is  only  when  the  food  is 
carried  backward  into  the  fauces  and  pharynx,  and  is  com 
by  the  constrictor  muscles  of  these  parts,  that  wo  obtain  a  oompkto 
perception  of  its  sapid  qualities.  For  at  that  time  the  food  is  spread 
out  by  the  comprcHsion  of  the  muscles,  and  brought  at  once  In 
contact  with  the  entire  extent  of  the  mucous  membrane  posws^ng 
gustative  sensibility.     Then,  it  is  no  longer  under  the  control  oftht 
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will,  and  is  carried  bj  the  reflex  actions  of  the  pharynx  and  oeso- 
phagos  downward  to  the  stomach. 

.  The  impressions  of  taste  made  upon  the  tongue  remain  for  a  cer- 
tain time  a/tervxii-d.  When  a  very  sweet  or  very  bitter  substance 
18  taken  into  the  mouth,  we  retain  the  taste  of  its  sapid  qualities 
for  several  seconds  after  it  has  been  ejected  or  swallowed.  Conse- 
quently, if  several  different  savors  be  presented  to  the  tongue  in 
rapid  succession,  we  soon  become  unable  to  distinguish  them,  and 
they  produce  only  a  confused  impression,  made  up  of  the  union  of 
various  different  sensations ;  for  the  taste  of  the  first,  remaining  in 
the  mouth,  is  mingled  with  that  of  the  second,  the  taste  of  these 
two  with  that  of  the  third,  and  so  on,  until  so  many  savors  become 
oonfounded  together  that  we  are  no  longer  able  to  recognize  either 
of  them.  Thus  it  is  notoriously  impossible  to  recognize  two  or 
three  different  kinds  of  wine  with  the  eyes  closed,  if  they  be  repeat- 
edly tasted  in  quick  succession. 

If  the  substance  first  tasted  have  a  particularly  marked  savor. 
its  taste  will  preponderate  over  that  of  the  others,  and  perhaps  pre- 
yent  our  recognizing  them  at  all.  This  effect  is  still  more  readily 
produced  by  substances  which  excite  the  general  sensibility  of  the 
tongue,  such  as  acrid  or  stimulating  powders.  In  the  same  manner 
as  a  painful  sensation,  excited  in  the  skin,  prevents  the  nerves,  for 
the  time,  from  perceiving  delicate  tactile  impressions,  so  any  pungent 
or  irritating  substance,  which  excites  unduly  tlie  general  sensibility 
of  the  tongue,  blunts  for  a  time  its  special  sensibility  of  taste.  This 
eflfeot  is  produced,  however,  in  the  greatest  degree,  by  substances 
which  are  at  the  same  time  sapid,  pungent  and  aromatic,  like  sweet- 
meats flavored  with  peppermint.  Advantage  is  sometimes  taken 
oi  this  in. the  administration  of  disagreeable  medicines.  By  first 
taking  into  the  mouth  some  highly  flavored  and  pungent  substance, 
nauseous  drugs  may  be  swallowed  immediately  afterward  with  but 
little  perception  of  their  disagreeable  qualities. 

A  very  singular  fact,  in  connection  with  the  sense  of  taste,  is  that 
tit  19  aometimea  affected  in  a  marked  degree  by  paralysis  of  the  facial 
nerve.  No  less  than  six  cases  of  this  kind,  occurring  in  the  human 
subject,  have  been  collected  by  M.  Bernard,  and  we  have  also  met 
with  a  similar  instance  in  which  the  peculiar  phenomena  were  well 
marked.  M.  Bernard  has  furthermore  seen  a  similar  eftect  upon 
the  taste  produced  in  animals  by  division  of  the  facial  nerve  within 
the  cranium.  The  result  of  these  experiments  and  observations  is 
as  follows:  When  the  facial  nerve  is  divided  or  seriously  injured 
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by  organic  disease,  before  its  emergence  from  the  sulo-masloid 
foramen,  not  only  is  there  a  jiaralysis  of  the  euperficual  muscles  of 
the  face,  but  the  sense  of  taste  is  diminished  on  the  correspoodiu^ 
side  of  the  tongue.  If  the  tongue  be  protruded,  and  salt,  citric  scid 
or  sulphate  of  quiniiic  be  placed  upon  its  surface  on  the  two  sides 
of  the  median  line,  the  taste  of  these  substances  is  perceived  on  the 
affected  side  more  slowly  and  obscurely  than  on  the  other.  It  ii 
not,  therefore,  a  destruction,  but  only  a  diminution  of  the  seiiRof 
taste,  which  follows  paralysis  of  the  facial  in  these  instances.  M 
the  same  time  the  general  tactile  sensibility  of  the  tongtie  is  uiui- 
tered,  retaining  its  natural  acuteness  on  both  sides  of  the  tougne. 

The  exact  mechanism  of  this  peculiar  influence  of  the  facial  oerw 
upon  the  sense  of  taste  is  not  perfectly  understood.  It  may  be 
considcrerl  as  certain,  however,  that  it  is  derived  through  the 
medium  of  that  branch  of  the  facial  nerve  known  as  the  clumln 
t)/mpani.  This  filament  leaves  the  facial  at  the  intumescehtia 
gangliformis,  in  the  interior  of  the  aqueduct  of  Fallopius,  enters  th« 
cavity  of  the  tympanum,  passes  across  the  membrane  of  the  tviD- 
pmnum,  and  then,  emerging  from  the  cranium,  runs  downwanl  ami 
forward  and  joins  the  lingual  branch  of  the  fifth  pair.  It  then  ac- 
companies this  nerve  as  far  as  the  posterior  extremity  of  the  snb- 
maxiliary  gland.  Here  it  divides  into  two  portions;  one  of  which 
passes  to  the  submaxillary  ganglion,  and,  through  it,  to  the  sah- 
stance  of  the  submaxillary  gland,  while  the  other  continues  onirini 
still  in  connection  with  the  lingual  branch  of  the  fifth  pair,  and,  in 
company  with  the  filaments  of  this  nerve,  is  distributed  to  the  tongfle. 

The  chorda  tymjiani  thus  forma  the  only  anatomical  connection 
between  the  facial  nerve  and  the  anterior  part  of  the  tongue.  Wb«n 
the  facial,  accordingly,  is  dividetl  or  injured  after  its  emergeaw 
from  the  stylo-mastoid  foramen,  no  effect  is  prodaoed  upon  lb* 
sense  of  taste;  but  when  it  is  injured  during  its  course  through  the 
aqueduct  of  F.'dlopius,  and  before  it  has  given  off  the  chorda  tytn* 
pani,  this  nerve  suffers  at  the  same  time,  and  the  eenae  of  Uit»  is 
diminished  in  activity,  as  above  described.  It  is  probable  that  this 
effect  is  protlueed  in  an  indirect  way,  by  a  diminution  in  the  actiritT 
of  secretion  in  the  lingual  follicles,  or  by  some  alteration  in  the 
vascularity  of  the  parts. 
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Smell. — The  main  peculiarity  of  the  sense  of  smell  consists  in 
the  fact  that  it  gives  us  intelligence  of  the  physical  character  of 
bodies  in  a  gaaeom  or  vaporous  condition.     Thus  we  are  enabled  to 
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"perceive  the  existence  of  an  odorous  substance  at  a  distauce,  and 
when  it  is  altogether  concealed  from  sight.  The  minute  quantity 
of  volatile  material  emanating  from,  it,  and  thus  pervading  the 
atmosphere,  comes  in  contact  with  the  mucous  membrane  of  the 
nose,  and  produces  a  peculiar  and  special  sensation. 

The  apparatus  of  this  sense  consists,  first,  of  the  olfactory  mem- 
brane, supplied  by  the  filaments  of  the  olfactory  nerve,  as  its 
special  organ ;  and  setiondly,  of  the  nasal  passages,  with  the  tur- 
binated bones  and  the  muscles  of  the  anterior  and  posterior  nares, 
as  its  accessory  organs.  At  the  upper  part  of  the  nasal  fossae, 
the  mucous  membrane  is  very  thick,  soft,  spongy  and  vascular, 
and  is  supplied  with  mucous  follicles  which  exude  a  secretion,  by 
which  its  surface  is  protected  and  kept  in  a  moist  and  sensitive 
condition. 

It  is  only  this  portion  of  the  mucous  membrane  of  the  nares 
which  is  supplied  by  filaments  of  the  olfactory  nerve,  and  which  is 
capable  of  receiving  the  impressions  of  smell ;  it  is  therefore  called 
the  Olfactory  membrane.  Elsewhere,  the  nasal  passages  are  lined 
with  a  mucous  membrane  which  is  less  vascular  and  spongy  in 
structure,  and  which  is  called  the  Schneitln'tan  membrane. 

The  filaments  derived  from  the  olfactory  ganglia,  and  which 
penetrate  through  the  cribri- 
form plate  of  the  ethmoid  Fig.  185. 
bone,  are  distributed  to  the 
mucous  membrane  of  the  su- 
perior and  middle  turbinated 
bones,  and  to  that  of  the  upjier 
part  of  the  septum  nasi.  The 
exact  ^mode  in  which  these 
filaments  terminate  in  the  ol- 
factory membrane  has  not 
been  definitely  ascertained. 
They  are  of  a  soft  consistency 
and  gray  color,  and,  after  di- 
viding and  ramifying  freely 
in  the  membrane,  appear  to 
become  lost  in  its  substance. 
It  is  these  nerves  which  exer- 
cise the  special  function  of 
smell.  They  are,  to  all  appearance,  incapable  of  receiving  ordinary 
impressions,  and  must   be   regarded  as  entirely  peculiar  in  their 
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nature  and  cndowmenta.  The  nasal  passages,  however,  are  supplied 
with  other  nerves  beside  the  olfactory.  The  nasal  branch  of  the 
ophthalmic  division  of  the  fifth  pair,  after  entering  the  anterior  pan 
of  the  cavity  of  the  nares,  just  in  advance  of  the  cribriform  plaie  of 
the  ethmoid  bone,  is  distributed  to  the  mucous  membrane  of  ibe  io- 
ferior  turbinated  bone  and  the  inferior  meatus.  Thus  the  OT]gaD 
of  smell  is  provided  with  sensitive  nerves  from  two  difierent  souTtv. 
viz.,  at  its  upper  partj  with  the  olfactory  nerves  proper,  deriTcd 
from  the  olfactory  ganglion  (Fig.  165,  i),  which  are  nerves  of  special 
sensation  ]  and  secondly,  at  its  lower  part,  with  the  nasal  brandi  of 
the  flfth  pair  (a),  a  nerve  of  general  sensation.  Beside  which,  lh» 
spbeno- palatine  ganglion  of  the  great  sympathetic  («)  Eenda  fila- 
ments to  the  mucous  membrane  of  the  whole  posterior  part  of  the 
nasal  passages,  and  to  the  levator  palati  and  azygos  uvulse  mosetel 
Finally,  the  muscles  of  the  anterior  nares  are  supplied  by  filanntt>i 
of  the  facial  nerve. 

The  conditions  of  the  sense  of  smell  are  much  more  s] 
their  nature  than  those  of  taste.  For.  in  the  first  place,  this  sense  ii 
excited,  not  by  actual  contact  with  the  foreign  body,  but  only  with 
its  vaporous  emanations;  and  the  quantity  of  these  emanatioMi 
Buffioient  to  excite  the  smell,  is  often  so  minute  as  to  be  altogether 
inappreciable  by  other  means.  We  cannot  measure  the  low  of 
weight  in  an  odorous  body,  though  it  may  aflect  the  atmosphere 
of  an  entire  house,  and  the  .senses  of  all  its  inhabitants,  for  d»rt 
and  weeks  together.  Secondly,  in  the  olfactory  organ,  the  special 
sensibility  of  smell  and  the  general  sensibility  of  the  mncous  mem- 
brane are  separated  from  each  other  and  provided  for  by  different 
nerves,  not  mingled  together  and  exercised  by  the  same  nerves,  m 
is  the  case  in  the  tongue. 

In  order  to  produce  an  olfactory  impression,  the  eman.ntions  of 
the  odorous  body  must  be  drawn  freely  through  the  nasal  patsagta. 
As  the  sense  of  smell,  also,  is  situated  only  in  the  upper  part  of  tlMN 
passages,  whenever  an  unusually  faint  or  delicate  odor  is  to  be  per-  fl 
ceived,  the  air  is  forcibly  directed  upward,  toward  the  saperiOf  ■ 
turbinated  bones,  by  a  peculiar  inspiratory  movement  of  the  nos- 
trils. This  movement  is  very  marked  in  many  of  the  lower  aniniak 
As  the  odoriferous  vapors  arrive  in  the  upper  part  of  the  nffld 
passages,  they  are  undoubtedly  dissolved  in  the  secretions  of  the 
olfactory  membrane,  and  thus  brought  into  relation  with  its  nerrea. 
Inflammatory  disorders,  therefore,  interfere  with  the  sense  of  smell, 
both  by  checking  or  altering  the  secretions  of  the  part,  and  by 
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xiwsing  An  uanatural  tumefaction  of  the  mnoons  membrane, 
lich  prevents  the  free  passage  of  the  air  through  the  nasal  fossae. 
As  in  the  case  of  the  tongue,  also,  we  must  distinguish  here 
tw^en  the  perception  of  true  odors,  and  the  excitement  of  the 
oeral  sensibility  of  the  Sohneiderian  mucous  membrane  by  irri- 
ing  »ubBkince$,    Some  of  the  true  odors  are  similar  in  their  nature 

impressions  perceived  by  the  sense  of  taste.  Thus  we  have 
set  and  sour  smells,  though  none  corresponding  to  the  alkaline 

the  bitter  tastes.  Most  of  the  odors,  however,  are  of  a  very 
Koliar  nature  and  are  difficult  to  describe ;  but  they  are  always 
itinei  finom  the  simply  irritating  properties  which  may  belong  to 
pois  as  well  as  to  liquids.  Thus,  pure  alcohol  has  little  or  no 
ys,  and  is  only  irritating  to  the  mucous  membrane ;  while  the 
or  of  wines,  of  cologne  water,  &c.,  is  communicated  to  them  by 
»  presence  of  other  ingredients  of  a  vegetable  origin.  In  the 
ne  way>  pure  acetic  acid  is  simply  irritating;  while  vinegar  has 
>eoa]iar  odor  in  addition,  derived  from  its  vegetable  impurities. 
anaonia,  also,  is  an  irritating  vapor,  but  contains  in  itself  no 
oriferous  principle. 

rbe  sensations  of  smell,  like  those  of  taste,  re7rw.in  for  a  certain  time 
ear  they  have  been  produced,  and  modify  in  this  way  other  less 
MBgly.  marked  odors  which  are  presented  afterward.  As  a 
neral  thing,  the  longer  we  are  exposed  to  a  particular  odor,  the 
tgear  its  effect  upon  our  senses  continues ;  and  in  some  cases  it 
Lj  be  perceived  many  hours  after  the  odoriferous  substance  has 
an.  removed.  Odors,  however,  are  particularly  apt  to  remain 
er  the  removal  or  destruction  of  the  source  from  which  they 
ire  derived,  owing  to  their  vaporous  character,  and  the  facility 
th  which  they  are  entangled  and  retained  by  porous  substances, 
jh  as  plastered  walls,  woollen  carpets,  and  hangings,  and  woollen 
•thes.  It  is  supposed  to  be  in  this  way  that  the  odor  of  a  post- 
Htem  examination  will  sometimes  remain  so  as  to  be  perceptible 
':  several  hours  or  even  an  entire  day  afterward.  But  this  alone 
as  not  fully  explain  the  fact.  For  if  it  depended  simply  on  the 
coition  of  the  odor  by  porous  substances,  it  would  afterward  be 
raeiTed  constantly,  until  it  gradually  and  continuously  wore  off; 
tilein  point  of  fact,  the  physician  who  has  made  an  autopsy  of 
B  Idiid  does  not  afterward  perceive  its  odor  constantly,  but  only 
awuma%,  and  by  sudden  and  temporary  fits. 
VbA  explanation  is  probably  this.  As  the  odor  remains  con- 
atly  by  us,  we  soon  become  insensible  to  its  presence,  as  in  the 
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case  of  all  other  continuous  and  unvarying  impressions.  Oar  at- 
tention is  ouly  called  to  it  when  we  meet  suddenly  with  anoiljer 
and  familiar  odor.  This  second  odor,  we  find,  does  not  produce  iL« 
usual  impression,  because  it  is  niingled  with  and  modified  by  th« 
other,  which  is  more  persistent  and  powerful.  Thus  we  are  again 
made  aware  of  the  former  one.  to  which  we  had  become  insensible 
by  reason  of  its  constant  presence. 

The  sense  of  smell  is  comparatively  feeble  in  the  human  specie, 
but  is  excessively  acute  in  some  of  the  lower  animals.  Thos,  the 
dog  will  not  only  distinguish  different  kinds  of  game  in  the  fort* 
by  this  sense,  anr]  follow  them  by  their  tracks,  but  will  readily  d»- 
tinguish  particulnr  individuals  by  their  odor,  and  will  reoogiuae 
articles  of  dress  belonging  to  them  by  the  minute  quantity  of  odor- 
iferous vapors  adhering  to  their  substance. 

Sight. — The  sight  undoubtedly  occupies  the  first  rank  in  the 
list  of  special  nervous  endowments.  It  is  the  most  peculiar  in  iti 
operation,  and  the  most  immaterial  in  its  nature,  of  all  the  senses 
and  it  is  through  it  that  we  receive  the  most  varied  and  valuable 
impressions.  The  physical  agent,  also,  to  which  the  organ  of  siglrt 
is  adapted,  and  by  which  its  sensibility  is  excited,  is  more  mbcfe 
and  peculiar  than  any  of  those  which  act  upon  our  other  aeusei 
For  the  senses  of  touch,  taste,  and  smell  require,  for  their  exercMt 
the  actual  contact  of  a  foreign  body,  either  in  a  solid,  liquid,  or 
aeriform  condition;  and  even  the  hearing  depends  upon  the  i«^ 
chanical  vibrations  of  the  atmosphere,  or  some  other  aonoroM 
medium.  But  the  eye  does  not  need  to  be  in  contact  wilb  the 
luminous  body.  It  will  receive  the  impressions  of  light  with  per* 
feet  distinctness,  even  when  they  are  transmitted  from  an  immei' 
surable  distance,  as  in  the  case  of  the  fixed  stars;  an(J  the  light 
itself  is  not  only  immaterial  in  its  nature,  so  far  as  we  can  ascertflin. 
but  is  also  capable  of  being  transmitted  through  space  withoattli« 
intervention  of  any  material  conducting  medium,  yet  discovembk. 

Finally,  the  apparatus  of  vision  is  more  complicated  in  ittstroc 
ture  than  that  of  any  other  of  the  special  senses.  This  appBratos 
consists,  first,  of  the  retina,  us  a  special  sensitive  nervous  membrane; 
and  secondly,  of  the  vitreous  body,  crystalline  lens,  choroid,  9cl^ 
rotic,  iris  and  cornea,  together  with  the  muscles  moving  the  ew^ 
ball  and  eyelids,  lachrymal  gland,  &c.,  as  accessory  organs.  The 
arrangement  of  the  parts,  oonsttituting  the  globe  of  the  eye^  is 
in  the  following  figure.  (Fig.  166.) 
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The  filaments  of  the  optic  nerve,  after  running  forward  and  peno- 
iraiing  the  posterior  part  uf  the  eyebull.  spread  out  into  the  sub 
stance  of  the  reiina  (s),  thus  forming  a  delicate  and  vascular  nerv- 

Fift.  186. 
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Vertlnl  Section  of  th«  B TUVA LL.  —  l.  Sclerotic    3   Choroid.    8.  Betlnk.    4.  Leni.    8    Hyaloil 
«rmbr>ue      8.  Coroeii.    7.  IrU.    8.   Tltreotn  body. 

ous  expansion,  in  the  form  of  a  spheroic^al  hag  or  sac,  with  a  wide 
Of)ening  in  front,  where  the  retina  terminates  at  the  posterior  mar- 
gin of  the  ciliary  body.  This  expansion  of  the  retina  is  the  essen- 
tial nervous  apparatus  of  the  eye.  It  is  endowed  with  the  special 
sensibility  which  renders  it  capable  of  receiving  luminous  impres- 
.sions;  and,  so  far  as  we  have  been  able  to  ascertain,  it  is  incapable  of 
perceiving  any  other.  On  the  outside,  the  retina  is  covered  by  the 
choroid  coat  (a),  a  vascular  membrane,  which  is  rendered  opaque  by 
the  presence  of  an  abundant  layer  of  blackish-brown  pigment-cell.s. 
and  which  thus  absorbs  the  light  which  has  once  passed  through 
the  retina,  and  prevents  its  being  reflected  in  such  a  way  as  to 
confuse  and  dazzle  the  sight.  Inside  the  retina  is  the  vilreous  h^ly. 
a  transparent  spheroidal  mass  of  a  gelatinous  consistency,  which  i.s 
surrounded  and  retained  in  position  by  a  thin,  structureless  mem- 
brane, called  the  hyaluid  membrance  (s),  lying  immediately  in 
contact  with  the  internal  surface  of  the  retina.  The  lais  {*)  i.n 
placed  in  front  of  the  vitreous  body,  in  the  central  axis  of  the  eye- 
ball, enveloped  in  its  capsule,  which  is  continuous  with  the  hyaloid 
membrane.  Just  at  the  edge  of  the  lens,  the  hyaloid  membrane 
divides  into  two  laminae,  which  separate  from  each  other,  leaving 
between  them  a  triangular  canal,  the  canal  of  Petit,  which  can  be 
seen  in  the  above  figure.    In  front  of  the  lens  is  the  iris{-i),  a  nearly 
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vefiical  mQseular  curtain,  formed  of  radiatiugnnd  conoeotncfi 
pierced  at  ita  centre  with  a  circular  i>|>euiug,  the  pupil,  tbrvQj 
which  the  light  is  admitted,  and  covered  on  its  posterior  sarfiei 
with  a  continuation  of  the  choroidal  pigment,  which  exclodestbl 
passage  of  any  other  rays  than  those  which  pass  through  the  papL 
At  the  same  time,  the  whole  globe  is  iaclosed  and  protected  br* 
thick,  fibrous,  laminated  tunic,  which  in  its  posterior  and  middle 
portions  is  opaque,  forming  the  sclerotic  (t),  and  in  its  anterior  por- 
tion is  transparent,  forming  the  cornea  («).  The  muscles  of  the  ejo- 
ball  are  attached  to  the  external  surface  of  the  sclerotic  in  sucb  % 
way  that  the  cornea  may  be  readily  turned  in  various  <lirectiota; 
while  the  eyelids,  which  may  be  opene<i  and  closeil  at  will,  protect 
the  eye  from  injury,  and,  with  the  aid  of  the  lachrymal  secretion, 
keep  its  anterior  surfaces  moist,  and  preserve  the  transparency  d 
the  cornea. 

The  organ  of  vision  is  supplied  with  nerves  of  ordinary  mdr 
bility  by  the  ophthalmic  branch  of  the  fifth  pair.  The  filaroeno 
of  this  nerve  which  terminate  about  the  eye  are  distributed  roosllr 
to  the  conjunctiva,  lachrymal  gland,  and  skin  of  the  eyelids;  while 
a  very  few  of  them  run  forxvard  in  company  with  the  cili^iry  nerrei 
proper,  and  are  distributed  to  the  ciliary  circle  and  iris.  All 
parts,  therefore,  but  more  particularly  the  conjunctiva  and  s 
the  eyelids,  possess  ordinary  sensibility,  which  appears  to  be  toteSf 
wanting  in  the  deeper  parts  of  the  eye.  The  ophthalmic  giin^ida 
gives  off  the  ciliary  nerves,  which  are  distributed  to  the  im  woA 
ciliary  muscle.  Finally,  the  muscles  moving  the  eyeball  and  eye- 
lids are  supplied  with  motor  nerves  from  the  third,  fourth,  sixth 
and  seventh  pairs. 

Of  all  the  projierties  and  functions  belonging  to  the  different 
structures  of  the  eyeball,  the  most  peculiar  and  characteristic  is  the 
special  sensibility  of  the  retina.  This  sensibility  is  such  that  the 
retina  appreciates  both  the  intensity  and  the  quality  of  the  light— 
that  is  to  say,  its  color  and  the  different  shades  which  this  color 
may  present.  On  account  of  the  form,  also,  in  which  the  retin*t» 
constructed,  viz.,  that  of  a  spheroidal  membranous  bag,  with  «a 
opening  in  front,  it  becomes  capable  of  appreciating  the  dk'facta* 
from  which  the  rays  of  liglit  have  come,  and,  of  course,  the  sitoatioo 
of  the  luminous  body  and  of  its  different  parts.  For  the  rays  whicii 
enter  through  the  pupil  from  below  can  reach  the  retina  ooljatiti 
upper  part,  while  those  which  come  in  from  above,  can  reach  H 
only  at  its  lower  part ;  so  that  in  both  instances  the  rays  strike  the 
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isitive  surface  perpendicularly,  and  thus  convey  the  imprcsMod 
gf  their  direction  from  above  or  below. 

^But  beside  the  sensibility  of  the  retina,  the  perfection  and  value 
Stthe  sense  of  sight  depend  very  much  on  the  arrangement  of  the 
accessory  organs,  the  most  important  of  which  is  the  crystalline  lens. 

Tlte  j'unclirm  of  the  crystalline  lens  is  to  produce  dialinct  perception 
of  form  and  outline.  For  if  the  eye  consisted  merely  of  a  sensitiva 
retina,  covered  with  transparent  integument,  though  the  impressions 
of  light  would  be  received  by  such  a  retina  they  could  not  give 
any  idea  of  the  form  of  particular  objects,  but  could  only  produce 
the  sensation  of  a  confusctl  luminoflity.  This  condition  is  illus- 
trate<l  in  Fig.  167,  where  the  arrow,  a,  b,  represents  the  luminous 
bbject,  and  the  vertical  dotted  line,  at  the  right  of  the  diagram, 
fepresents  the  retina.  Rays,  of  course,  will  diverge  from  every 
[>oint  of  the  object  in  every  direction,  and  will  thus  reach  every 
part  of  the  retina.  The  different  parts  of  the  retina,  consequently, 
I,  2,  8,  4,  will  each  receive  rays  coming  both  from  the  point  of  the 
MTOW,  a,  and  from  its  butt,  h.  There  will  therefore  be  no  distinc- 
upon  the  retina,  between  the  different  parts  of  the  object,  and  no 
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Sefinite  perception  of  its  outline.  But  if,  between  the  object  and  the 
retina,  there  be  inserted  a  double  convex  refracting  lens,  with  the 
proper  curvatures  and  density,  as  in  Fig.  168,  the  effect  will  be  dif- 
ferent. For  then  all  the  rays  emanating  from  a  will  be  concentrated 
It  X,  and  all  those  emanating  from  b  will  be  concentrated  at  y. 
rhus  the  retina  will  receive  the  impression  of  the  point  of  the 
irrow  separate  from  that  of  the  butt;  and  all  parts  of  the  object, 
b  like  manner,  will  be  distinctly  and  accurately  perceived. 

This  convergence  of  the  rays  of  light  is  accomplished  to  a  certain 
ixtent  by  the  other  transparent  and  refracting  parts  of  the  eyeball ; 
^at  the  lens  is  the  most  important  of  all  in  this  respect,  owing  to 
Its  superior  densit\'  and  the  double  convexity  of  its  figure.  The 
listinctness  of  vision,  therefore,  depends  upon  tho  action  of  the 


510 


THE    SPECIAL    SEXSES, 


com- 
eacM 


lens  in  converging  all  the  rays  of  ligbt,  emanating  from  a  gifw 
point,  to  an  accurate  focus,  at  the  aur/ace  of  the  retina.  To  accom 
plisb  this,  the  density  of  the  lens,  the  curvature  of  its  sur&oea^ 
ii3  distance  from  the  retina,  must  all  be  accurately  adapted  to 
other.  For  if  the  lens  were  too  convex,  and  its  refractive  powff' 
excessive,  or  its  distance  from  the  retina  too  great,  the  rays  wooU 
converge  to  a  focus  too  soon,  and  would  not  reach  the  retina  until 
after  they  had  crossed  each  other  and  become  partially  dispenei 
as  in  Fig.  1^9.  The  visual  impression,  therefore,  coming  fromunr 
particular  point  in  the  object,  would  not  be  concentrated  and  dis- 
tinct, but  diffosed  and  dim,  from  being  dispersed  more  or  less  ow 
the  retina,  and  interfering  with  the  impressions  coming  from  othet 
parts.    On  the  other  hand,  if  the  lens  were  either  too  flat,  or  placed 


Fig.  169. 


Fig.  170. 


loo  near  the  retina,  as  in  Fig.  170,  the  rays  would  &il  to  ooi 
together  at  all,  and  would  strike  the  retina  separately,  prodaciag 
confused  image,  as  before.  In  both  these  cases,  the  immediate  cam 
of  the  confusion  of  sight  is  the  same,  viz.,  that  the  raya  comini 
from  the  same  point  of  the  object  strike  the  retina  at  different  paifltr; 
bat  in  the  first  instance,  this  is  because  the  raya  have  actually  csoo* 
verged,  and  then  crossed ;  in  the  second,  it  is  because  they  hivt 
only  approached  each  other,  but  have  never  converged  to  a  foeui 
Another  important  particular  in  regard  to  the  action  of  the  lot 
is  the  accommodation  of  the  eye  to  distinct  vision  at  different  diatanm- 
It  is  evident  that  the  same  arrangement  of  refractive  parta,  in  Ibe 
eye,  will  not  produce  distinct  vision  when  the  distance  of  the  ob- 
ject from  the  eye  is  changed.  If  this  arrangement  be  sacb  thit 
the  object  is  seen  distinctly  at  a  certain  distance,  and  the  object  be 
then  removed  to  a  remoter  point,  the  image  will  become  confused : 
for  the  rays  will  then  converge  to  a  focus  at  a  point  in  front  of  the 
retina ;  since,  being  less  divergent  when  they  strike  the  leiw,  th» 
sarr.e  amount  of  refraction  will  bring  them  together  sooner  than 
before.   Ou  the  other  hand,  if  the  object  be  moved  to  a  point  nearer 
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le  eye,  the  rays,  becoming  more  divergent  as  they  strike  the  lenfi^ 
ill  converge  less  rapidly  to  a  focns,  and  vision  will  again  become 
[distinct. 

This  may  easily  be  seen  by  the  aid  of  a  very  simple  expmment. 
'  two  needles  be  placed  upright,  at  different  distances  from  the  eye, 
16  for  example  at  eight  and  the  other  at  eighteen  inches,  but 
xtrly  in  the  same  linear  range,  and  if  thei^  closing  one  eye,  we 
ok  ftt  them  alternately  with  the  other,  we  shall  find  that  we  can- 
)it  see  both  distinctly  at  the  same  time.  For  when  we  look  at 
le  one  nearer  the  eye,  so  as  to  perceive  its  form  distinctly,  the 
lUige  of  the  more  remote  one  becomes  confused ;  and  when  we  see 
16  more  remote  object  in  perfection,  that  which  is  nearer  loses  its 
uurpness  of  ootline.  This  shows,  in  the  first  place,  that  the  same 
mdition  of  the  eye  will  not  allow  us  to  see  two  objects  at  different 
with  distinctness  at  the  same  time ;  and  secondly  that,  on 
from  one  object  to  the  other,  there  is  a  change  of  some  kind 
Mlb0  foons  of  the  eye,  by  which  it  is  adapted  to  different  distances. 
ifcirii  we  are  conscious  of  a  certain  effort  at  the  time  when  the 
Diidioif  vision  is  transferred  from  one  object  to  the  other,  by  which 
iH  erfo  is  adapted  to  the  new  distance ;  and  this  alteration  is  not 
nite  instantaneous,  but  requires  a  certain  interval  of  time  for  its 
>mpl6tion. 

The  precise  manner  in  which  this  accommodation  is  effected  has 
ivea  rise  to  much  discussion.  It  evidently  might  be  accomplished. 
itber,  Ist,  by  a  change  in  the  curvature  of  the  cornea,  or  2d,  by  a 
lumge  in  the  curvature  of  the  lens,  or  8d.  by  an  antero-posterior 
lovement  of  the  lens,  by  which  its  distance  from  the  retina  might 
B  increased  or  diminished,  or  4th,  by  a  change  in  the  figure  of  the 
Qtire  eyeball,  by  which  its  longitudinal  axis  might  be  elongated 
r  shortened.  All  these  causes  have  in  turn  been  supposed  to  be 
stive  in  producing  the  requisite  effect. 

The  facts  now  known  in  regard  to  the  matter  are  as  follows: — 

L  In  the  first  place  it  is  certain  that  accommodation  of  the  eye 
>r  distant  objects  is  a  pcusive  condition, — that  for  near  objects  an 
tiive  one.  When  we  look  at  distant  images,  the  eye  is  compara- 
vely  at  rest.  It  is  when  we  fix  the  sight  upon  near  objects  that 
'6  are  conscious  of  an  active  change  in  the  eye,  which  requires  a 
)rtain  exertion  on  our  part ;  and  this  exertion  is  the  more  marked, 
i  the  objects  which  we  examinee  are  more  closely  situated.  Con- 
nued  application  of  the  eye  to  near  objects  may  even  produce  a 
sroeptible  fatigue,  which  gives  place  to  a  sense  of  repose  on  again 
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directing  our  sight  to  the  distance.    Our  sensatiood,  also,  to 

of  near  objects,  give  the  impression  tlmt  this  active  aocommodadcAl 

of  the  eye  is  accomplished,  ia  some  way,  by  muacular  effort, 

II,  In  the  second  plnce,  it  is  now  rendered  sufficiently  oertaii 
from  the  investigations  of  Donders'  and  others,  that  the  activ«( 
commodation  of  the  eye,  for  vision  of  near  objects,  ia  accoinpli«be<{ 
by  an  increased  convexity  of  the  crystalline  lent.     If  the  eye  be 
comracxlated  for  vision  of  a  distant  object,  and  a  candle  be 
held  near  the  front  of  the  eye,  and  a  little  on  one  side,  ftn  obwnr«rj 
will  see  three  reflected  images  of  its  flame  in  the  eyeball,  via,  vim 
reflection  from  the  anterior  surface  of  the  cornea,  one  from  the  ut 
rior  surface  of  the  lens,  and  one  from  the  posterior  suHaoe  of 
leas.     Now,  if  the  patient  change  his  sight  from  the  di^taat  to 
near  object,  accurate  measurements  will  show  that  the  reflectioD 
the  cornea  remains  unaltered,  but  that  the  reflected  iniage  on  tli 
anterior  surface  of  the  lens  diminishes  in  size  and  approximates  10'] 
that  on  the  cornea.    Both  these  changes  indicate  that,  in  ouoomfllO' 
dation  for  near  objects,  Oie  anterior  surface  of  Ute  lens  hecomet  nw^. 
convex  and  approaches  the  conva.    The  image  on  the  posteriomi 
faee  of  the  lens  at  the  same  time  diminishes  slightly  in  aiae,  bail 
does  not  alter  its  position,  showing  tliat  this  surface  of  the  leiL8.al3 
becomes  a  little  more  convex,  but  does  not  move  either  forward 

Fig.  171. 


Tib  tow  ron  Distibt  i>ujisct». 


backward.     The  unaltered  appearance  of  the  reflection  on  the  oo^] 
flea  shows  that  this  part  of  the  eye  does  not  change  its  convexity. 

We  can  now  see  how  these  alterations  produce  the  required] 
changes  in  accommodation.  When  the  eye  is  accommodated  fo 
distant  vision,  the  lens  assumes  the  form  which  is  normal  to  it 
when  in  repose  and  unaffected  by  external  agencies.  Its  cury** 
tures  are  then  such  that  rays  coming  from  distant  points,  and  hav- 
ing consequently  but  a  slight  divergence,  are  brought  to  a  foeo» 
behind  the  lens,  exactly  at  the  sensitive  surface  of  the  retina.  (Fie. 
171.) 

1  Aeeummodntlon  aoJ  RcfrMiion  of  tlie  Eje.  Sjdenbam  E(L,  LondoD,  \96\,  p.  \^ 
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I^  with  the  eye  in  this  condition,  the  sight  be  turned  toward  a 
oear  object,  its  image  ia  imperfectly  perceived  ;  since  the  lens,  which 
was  sufficiently  convex  for  distant  objects,  ia  stiU  too  flat  for  the 
widely  divergent  rays  of  near  objects,  and  the  image  upon  the  retina 
IS  accordingly  diffused  and  indistinct,  as  in  Fig.  170.    But  by  the 

change  of  form  above  described, 
^*'     "'  the  lens,  in  accommodating  the 

eye  to  near  vision,  becomes  more 
convex,  especially  on  its  ante- 
rior surface ;  and,  its  refractive 
power  being  thus  increased,  it 
becomes  capable  of  bringing  the 
divergent  rays  to  a  focus  at  the 
retina,  and  the  object  ia  distinctly 
perceived,  as  in  Fig.  172. 
It  will  also  be  seen  that  if,  with  the  eye  thus  accommodated,  the 
aight  be  directed  again  to  remote  objects,  they  in  their  turn  will 
ap{>ear  indistinct ;  since  the  strongly  convex  lens  is  too  highly  re- 
fractive for  rays  coming  from  a  distance,  and  the  image  will  be  dif- 
fused, as  in  Fig.  169.  To  produce  distinct  vision  at  a  distance,  the 
lens  must  return  to  its  original  form,  as  in  Fig.  171. 

It  is  supposed  that  the  alteration  of  the  form  of  the  lens,  in  these 
changes,  is  due  to  a  circular  compression  of  its  edges,  by  some  or 
all  of  the  fibres  of  the  ciliary  muscle.  It  is  this  active  compression 
which  increases  its  convexity  in  vision  of  near  objects.  When 
this  pressure  ceases,  the  lens  resumes  its  former  shape,  by  the  pas- 
give  elasticity  of  its  tissue,  and  becomes  again  adapted  for  distant 
virion. 

A  little  examination  shows,  also,  that  the  amount  of  accommoda- 
tion, necessary  to  distinct  vision,  varies  very  much  for  different 
distances.  A  much  greater  accommodating  power  is  required  for 
near  distances  than  for  remote;  since  the  difference  in  divergence 
between  rays,  entering  the  pupil  from  a  distance  of  one  inch  and 
from  that  of  six  inches,  is  much  greater  than  the  difference  between 
six  inches  and  a  yard,  or  even  distances  which  are  immeasurably 
remote.  Indeed,  for  all  distances  beyond  a  certain  limit,  the  differ- 
ence in  divergence  of  the  rays  is  practically  imperceptible,  and  no 
sensible  change  in  accommodation  is  required  for  objects  beyond 
that  limit.  It  ia  for  near  distances,  then,  that  we  find  the  necessary 
changes  of  accommodation  most  marked,  and  these  changes  become 
greater  and  more  difficult,  the  nearer  to  the  eye  the  object  is  situ- 
88 
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ated, until  at  last  a  I»mit  is  reached  beyond  which  they  beooinel 
possible.  The  eye  accordingly  cannot  be  made  to  see  distinctlj  «l1 
very  short  distances.  For  all  ordinary  eyes,  nccoramodaiion  fiuli 
and  vision  becomes  imperfect^  when  the  object  is  placed  at  a  dis- 
tance of  less  than  six  inches  from  the  eye.  But  from  that  poinl 
outward,  the  healthy  eye  can  adapt  itself  to  any  distance  at  which 
light  is  perceptible,  even  to  the  immeasurable  distanoee  of  tb»i 
tixed  stars. 

Circle  of  Vision. — Since  the  opening  of  the  pupil  will  admit  nji  I 
of  light  coming  from  various  directions,  there  is  in  front  of  thecyo 
a  circle,  or  space,  within  whidi  luminous  objects  are  perceived,  and 
beyond  which  nothing  can  be  seen,  because  the  rays,  oomipg  fiaa 
the  aide  or  from  behind,  cannot  enter  the  pupil.    This  space, 
which  external  objecbi  can  be  perceived,  is  called  the  "circl 
vision,"     But,  for  short  distances,  there  is  only  a  single  point,  iai 
centre  of  the  circle  of  vision,  at  which  objects  can  be  seen  diatiitctlf,] 
Thus,  if  we  place  ourselves  in  front  of  a  row  of  vertictl  stakes  or  j 
palisatles,  we  can  see  those  directly  in  front  of  the  eye  with  perfal' 
distinctness,  but  those  at  a  little  distance  on  each  side  are  only  per- 
oeived  in  a  confused  and  uncertiiin  manner.     On  looking  tt  ike 
middle  of  a  printed  page,  in  the  direct  range  of  vision,  we  see  the 
distinct  outlines  of  the  letters;  while  at  successive  distances  frvm 
this  point,  the  eye  remaining  fixed,  we  can  distinguish  first  onl.f 
the  separate  letters  with  confused  outlines,  then  only  the  vrorda^Mil 
lastly  only  the  lines  and  spaces. 

Fig.  17a. 


This  is  because  rays  of  light  coming  into  the  eye  wry  obliqawrT 
in  a  lateral  or  vertical  direction,  are  not  brought  to  their  projwr  focnst 
Tburi,  in  Fig.  ITS,  the  rays  diverging  from  the  jxiini  a,  directly  in 
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front  of  the  eye,  fall  upon  the  lens  in  such  a  waj  that  they  are  all 
brought  together  at  x,  at  the  surface  of  the  retina ;  but  those  coming 
from  b  &11  upon  the  lens  so  obliquely  that,  for  rays  having  an  equid 
divergence  with  those  coming  from  a,  there  is  more  difference  in  their 
angles  of  incidence,  and  of  course  more  difference  in  the  amount 
of  their  refraction.  Thej  are  consequently  brought  together  more 
rapidly,  and  on  reaching  the  retina  are  dispersed  over  the  space  y,  z. 
.  The  perfection  of  the  eye,  as  a  visual  apparatus,  is  very  much 
increased  by  the  action  of  the  iris.  This  organ,  as  we  have  already 
mentioned,  is  a  nearly  vertical  muscular  eurtain,  placed  in  firont  of 
the  lens,  attached  by  its  external  margin  to  the  junction  of  the 
eomea  and  sclerotic,  and  pierced  about  its  centre  by  the  circular 
opening  of  the  pupil.  It  consists,  according  to  most  anatomists,  of 
two  sets  of  muscular  fibres — ^viz.,  the  circular  and  the  radiating. 
The  circular  fibres,  which  are  much  the  most  abundant,  are  arranged 
in  eonoentric  lines  about  the  inner  edge  of  the  iris,  near  the  pupil ; 
the  others  are  said  to  radiate  in  a  scattered  manner,  from  its  central 
parts  to  its  outer  margin.  The  action  of  these  two  sets  of  fibres  is 
to  contract  and  enlarge  the  orifice  of  the  pupil.  The  circular  fibres, 
in  contracting,  draw  together  the  edges  of  the  pupil,  and  so  diminish 
its  opening;  and  when  these  are  relaxed,  the  radiating  fibres  come 
into  play,  and  by  drawing  apart  the  edges  of  the  orifice,  enlarge 
the  pupillary  opening.  The  action  of  the  circular  fibres,  at  the 
same  time,  is  much  the  most  marked  and  important  of  the  two. 
For  when  the  whole  muscular  apparatus  of  the  eye  is  paralyzed 
by  the  action  of  belladonna,  or  by  the  division  of  the  third  pair  of 
nerves^  or  in  the  general  relaxation  of  the  muscular  system  at  the 
moment  of  death,  the  pupil  is  invariably  dilated,  probably  by  the 
passive  elasticity  of  its  tissues. 

Daring  life,  however,  these  different  conditions  of  the  pupil  cor- 
respond with  the  different  degrees  of  light  to  which  the  eye  is  ex- 
posed. In  a  strong  light,  the  pupil  contracts  and  shuts  out  the 
snperflttOQs  rays;  in  a  feeble  light,  it  dilates,  in  order  to  collect 
into  the  eye  all  the  light  which  can  be  received  firom  the  object. 
This  contractile  and  expansive  movement  of  the  pupil  is  a  reflex 
eKtion,  It  is  not  produced  by  the  direct  impression  of  the  light 
upon  the  iris  itself,  but  upon  the  retina;  since,  if  the  retina  be 
affocted  with  obmplete  amaurosis,  or  if  the  light  be  entirely  shut  out 
from  it  by  an  opacity  of  the  lens,  no  such  effect  is  produced,  though 
the  iris  itself  be  exposed  to  the  direct  glare  of  day.  From  the 
retina  the  impression  is  transmitted,  through  the  optic  nerve,  to  the 
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optic  tubercles  and  the  brain,  thence  reflected  outward  by  the 
motorius  nerve  to  the  ophthalmic   ganglion,  and  so  tlirough 
ciliary  nerves  to  the  iris. 

The  pupil  is  subject,  however,  to  varions  other  nervous  influences 
beside  the  impressions  of  light  received  by  the  retina.     Thus  lO 
poisoning  by  opium,  it  is  contracted ;  in  coma  from  compressioD  d 
the  brain,  it  is  dilated ;  in  natural  sleep  it  is  contracted,  and  the  e^ 
ball  rolled  upward  and  inward.     In  various  mental 
pupil  is  also  enlarged  or  diminished,  and  thus  modiiii 
Bion  of  the   eye;  and  in  viewing  remote  objects,  it  is 
enlarged,  while,  in  looking  at  nean  objects,  it  is  comp:       '     "v 
traded.     But  still,  the  most  constant  and  important  ....... ..a 

longing  to  the  iris  is  the  admission  or  exclusion  of  the  raysy 
ing  to  the  intensity  of  the  light. 

Our  impre^jsions  of  distance  and  golidity,  in  viewing 
objects,  are  produced  mainly  by  the  combined  action  0/  the  tm 
For,  as  the  eyes  are  seated  a  certain  distance  apart  from  e*ck  oil 
in  the  head,  when  they  are  both  directed  toward  the  same  okfidl^ 
their  axes  meet  at  the  point  of  sight,  and  form  a  certain  aogle  witk 
each  other ;  and  this  angle  varies  with  the  distance  of  the  objectj 
Thu.s,  when  the  object  is  within  a  short  distance,  the  axes  oi  the 
two  eyes  will  necessarily  be  very  convergent,  and  the  angle  wbich 
they  form  with  each  other  a  large  one ;  but  for  remote  objects,  th« 
visual  axes  will  become  more  nearly  parallel,  and  their  angle  ooD- 
sequently  smaller.  It  is  on  this  account  that  we  can  alwajns  dis- 
tinguish whether  any  person  at  a  short  distance  is  looking  at  m 
or  at  some  other  object  in  our  direction;  since  we  insliiiciiwijr 
appreciate,  from  the  appearance  of  the  eyes,  whether  their  risittl 
axes  meet  at  the  level  of  our  own  face. 

In  looking  at  a  landscape,  accordingly,  we  do  not  stse  the  wWe 
'of  it  distinctly  at  the  same  moment,  but  only  those  parts  to  which 
out  attention  is  immediately  directed.  This  is  because,  in  the  fiM 
place,  the  focus  of  distinct  vision  varies,  in  each  eye,  for  differfnt 
distances,  as  we  have  seen  in  a  former  paragraph,  and  secoiwlk 
because  both  eyes  can  only  be  directed  together,  at  one  lime;  to 
objects  at  a  certain  distance.  Thus,  when  we  see  the  fonegfoand 
or  the  middle  ground  di.stinctly,  the  distance  is  vague  and  1laoe^ 
tain,  and  when  we  direct  our  eyes  more  particularly  to  the  hori**. 
objects  in  the  foreground  become  indistinct.  In  this  way  we  ijv 
predate  the  difl'erence  in  distance  between  the  various  portioiu  of 
the  landscape,  as  a  whole.    In  the  case  of  particular  objecta,  we  an 
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aaaisted  also  by  the  alteration  in  their  inriividual  characters;  for 
distance  pro<luces  a  diminution,  both  in  apparent  size  and  in  in- 
tensity  of  color. 

The  combined  action  of  the  two  eyes  is  also  very  valuable,  for 
near  objects,  in  giving  us  an  idea  of  solidity  or  projection.  For 
within  a  certain  distance,  the  visual  axes  when  directed  together 
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at  a  solid  object,  are  so  convergent  that  the  two  eyes  do  not  receive 
the  same  image.  As  in  Figs.  174  and  175,  which  represent  a  skull 
as  seen  by  the  two  eyes,  when  placed  exactly  in  front  of  the  ob- 
server at  the  distance  of  eighteen  inches  or  two  feet,  the  right  eye 
will  see  the  object  partly  on  one  side,  and  the  left  eye  partly  on  the 
other.  And  by  the  union  or  combination  of  these  two  images  by 
the  visual  organs,  the  impression  of  solidity  is  producetl. 

By  the  employment  of  double  pictures,  so  drawn  as  to  represent 
the  appearances  presented  U)  the  two  eyes  by  the  same  object,  and 
80  arranged  that  each  shall  be  seen  only  by  the  corresponding  eye, 
A  deceptive  resemblance  may  be  produced  to  the  actual  projection 
'of  solid  objects.  This  is  accomplished  in  the  contrivance  known 
las  the  Stereoscope.  Thus,  if  two  pictures  similar  to  those  in  Figs. 
j  174  and  175  be  so  placed  that  one  shall  be  seen  only  with  the  right 
'eye  and  the  other  only  with  the  left,  the  combination  of  the  two 
\  figures  will  take  place  as  if  they  came  from  the  real  object,  and 
i  all  the  natural  projections  will  come  out  in  relief. 

But  this  eft'ect  is  produced  only  in  the  case  of  objects  situated 

within  a  moderately  short  distance.     For  very  remote  objects,  we 

j  lose  the  impression  of  solidity,  since  the  difference  in  the  images  on 

I  the  two  eyes  becomes  so  slight  as  to  be  inappreciable,  and  we  see 
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only  a  plane  expanse  of  surface,  with  sharp  outlines  and 
shades  of  color,  but  no  actual  projections  or  depressions. 

The  sensibility  of  the  retina  is  such  that  it  cannot  distingraA 
luminous  points  which  are  received  upon  its  surface  a/  a  nrrj 
minute  distance  from  each  other.  In  this  particular,  the  sensibility 
of  the  retina  resembles  that  of  the  skin,  since  we  have  alteidy 
found  that  the  integument  cannot  di-stingiiish  the  imprflaaiov 
made  by  the  points  of  two  needles  placed  a  very  short  distuoc 
apart.  The  delicacy  of  this  discriminating  power,  in  the  retina, « 
immeasurably  superior  to  that  of  the  skin ;  and  yet  it  bu  iti 
limits,  even  in  the  nervous  expansion  of  the  eye.  For  if  we  look 
at  an  object  wliich  is  excessively  minute,  or  which  is  80  remolt 
that  its  apparent  size  is  very  much  diminished,  we  lose  the  power 
of  distinguishing  its  different  parts,  and  can  no  longer  perceive 
its  real  outline.  This  is  a  very  different  condition  from  that  iu 
which  the  confusion  of  vision  arises  from  defect  of  focusing  in  the 
eye,  as,  for  example,  in  long  or  short-sightedness,  or  where  the 
object  is  placed  too  near  the  eye  or  too  much  on  one  side.  For 
when  the  difficulty  depends  simply  on  its  minute  size  or  its  remote- 
ness, the  rays  coming  from  the  top  of  the  object  and  those  coming 
from  the  bottom,  are  all  brought  to  their  proper  focus  at  distinct 
points  on  the  retina — only  these  points  are  too  near  each  oOierfor  tU 
retina  to  distinguish  them  apart.  Consequently  we  can  no  loDgW 
appreciate  the  form  of  the  object. 

For  the  same  reason,  when  we  mix  together  minate  grains  of  » 
different  hue,  we  produce  an  intermediate  color.  If  yellow  and 
blue  be  mingled  iu  this  way,  we  no  longer  perceive  the  sepanta 
blue  and  yellow  grains,  but  only  a  uniform  tinge  of  green;  and 
white  and  black  granules,  mixed  together,  produce,  at  a  short  dja- 
tance,  the  appearance  of  a  continuous  shade  of  gray. 

Impressions,  once  produced  tipon  the  retina,  remain  for  a  shorl  titM 
afterward.  Usually  these  impressions  are  so  evaoeeoent  after 
removal  of  their  immediate  cause,  and  are  so  soon  followed  br 
others  which  are  more  vivid,  that  we  do  not  notice  their  existence. 
They  may  very  readily  be  demonstrated,  however,  by  swinging 
rapidly  in  a  circle  before  the  eyes,  in  a  dark  room,  a  stick  lighfod 
at  one  end.  As  soon  as  the  motion  has  attained  a  certain  degree  of 
velocity,  the  impression  produced  on  the  retina,  when  the  lighted 
end  of  the  stick  arrives  at  any  particular  spot,  remains  until  it  haa 
completed  its  revolution  and  has  again  reached  the  same  point; 
so  that  the  effect  thus  produced  upon  the  eye  is  that  of  a  oon&no* 
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ons  circle  of  light.  The  same  fact  lias  been  illustrated  by  the 
optical  contrivance,  known  as  the  Thaumatrope,  in  which  successive 
pictures  of  similar  figures  in  difi^erent  positions  are  made  to  revolve 
rapidly  before  the  eye,  and  thus  to  produce  the  apparent  effect  of  a 
single  figure  in  rapid  motion ; — since  the  eye  £uls  to  perceive  the 
intervals  between  the  difierent  pictures. 

The  sense  of  vision,  therefor^  through  the  impressions  of  lights 
gives  us  ideas  of  form,  size,  color,  position,  distance,  and  movement; 
Bat  these  ideas  may  also  be  excited  by  impressions  derived  from 
an  interval  source,  as  well  as  those  produced  by  rays  coming  from 
without.  And  it  is  one  of  the  most  striking  peculiarities  of  the 
sense  of  sight  that  these  ideal  or  internal  impressions  which  are 
excited  in  it  by  various  causes,  are  much  mare  vivid  and  po%joerful 
than  thoM  of  any  other  of  the  senses.  Thus,  in  a  dream,  we  often  see 
external  objects,  with  all  their  visible  peculiarities  of  light,  color 
form,  &C.,  nearly  or  quite  as  distinctly  as  when  we  are  awake;  but 
iho  imaginary  impressions  of  sound,  in  this  condition,  are  always 
oomparatively  faint,  and  those  of  taste,  smell,  and  touch,  almost 
entirely  imperceptible.  Even  in  a  reverie,  in  the  waking  condi- 
tion, when  the  absorption  of  the  mind  in  its  own  thoughts  is  com- 
plete and  we  are  withdrawn  altogether  from  outward  influences, 
m  see  objects  which  have  no  present  existence  as  if  they  were 
Mtoally  before  us.  It  is  this  sense  also  which  becomes  most  easily 
and  thoroughly  excited  in  certain  nervous  disorders ;  as,  for  exam- 
ple^ in  delirium  tremens,  where  the  patient  often  sees  passing  before 
his  eyes  extensive  and  magnificent  landscapes,  crowds  of  human 
&ce8  and  figures,  and  series  of  towns  and  cities,  which  seem  to  be 
depicted  upon  the  imagination  with  a  force  and  distinctness,  much 
raperior  to  that  of  other  delirious  impressions.  Since  the  sense  ot' 
sight)  therefore,  depends  less  directly  than  the  other  senses  upon 
the  actual  contact  of  material  objects,  it  is  also  more  easily  thrown 
into  activity  when  withdrawn  from  their  influence. 

Heabing. — ^The  sense  of  hearing  depends  upon  the  vibratioiis 
excited  in  the  atmosphere  by  sonorous  bodies,  which  are  themselves 
first  thrown  into  vibration  by  various  causes,  and  which  then  com- 
mnnicate  similar  undulations  to  the  surrounding  air.  These  sono- 
rous vibrations  are  of  such  a  character  that  they  cannot  be  directly 
appreciated  by  ordinary  sensibility,  but  the  result  of  numerous  and 
well-directed  physical  experiments  on  this  subject  leaves  no  doubt 
whatever  of  their  existence ;  and  when  such  vibrations  are  commn- 
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nicatetl  to  tlie  auditory  apparatus,  they  produce  in  it  the 
of  sound. 

In  the  case  of  the  aquatic  animals,  which  pass  their  entire  exist- 
ence beneath  the  surface  of  the  water,  the  water  itself,  which  ii 
capable  of  vibrating  in  the  same  way,  communicates  the  soDoroos 
impressions  to  the  organ  of  hearing;  but  in  terrestrial  ammaU 
and  particularly  in  man,  it  is  the  atmosphere  which  always  serrei 
as  the  medium  of  transmission. 

The  auditory  apparatus,  in  man  and  in  the  quadrtipeds,  ooqasU 
first,  of  a  somewhat  expanded  and  trumpet- shaped  mouth,  or  a- 
ternal  ear,  destined  to  receive  and  collect  the  sonorous  impaJM 
coming  from  various  quarters.  This  external  ear  is  oonstruetod 
of  a  cartilaginous  framework,  covered  with  integument,  locady 
attached  to  the  bones  of  the  head,  and  more  or  less  movahletT 
means  of  various  muscles,  which  by  their  contraction  turn  io 
expanded  orifice  in  different  directions.  In  man,  the  movemenli 
of  the  external  ear  are  almost  always  inappreciable,  though  the  mus- 
cles may  be  easily  demonstrated ;  but  in  many  of  the  lower  animali 
these  movements  are  exceedingly  varied  and  extensive,  and  pl»y» 
very  important  part  in  the  working  of  the  auditory  apparatus. 

At  the  bottom  of  the  external  ear,  its  orifice  is  prolonged  into  i 
tube  or  canal,  the  external  auditory  meatus,  partly  cartilaginous  ftwi 
partly  bony,  which  penetrates  the  lateral  part  of  the  temporal  bone 
in  a  nearly  horizontal  and  transverse  direction.  In  the  hanOB 
subject,  this  canal  is  a  little  over  one  inch  in  length,  and  is  liaai 
by  a  continuation  of  the  external  integument.  The  integomeBt 
toward  its  outer  portion  is  beset  with  small  hairs,  and  pro\'ided 
with  ceruminous  glands  which  supply  a  secretion  of  a  waxy  or 
resinous  consistency.  By  these  means  the  passage  is  protected 
from  the  accidental  ingress  of  various  foreign  bodies.  M 

Secondly,  at  the  bottom  of  the  external  meatus  the  auditory  p»-  ■ 
sage  is  closed  by  a  thin  fibrous  membrane,  stretched  across  ita  cavity. 
called  the  membrana  tympani.  Upon  this  membrane  are  received tl» 
sonorous  vibrations  which  have  been  collected  by  the  external  e«r 
and  conducted  inward  by  the  external  auditory  meatus.  "RtAaaH 
the  membrana  tympani  is  the  cavity  of  the  middle  ear,  or  the  cavity 
of  the  tympanum.  This  cavity  communicates  posteriorly  with  lb* 
mastoid  cells,  and  anteriorly  with  the  pharynx,  by  a  narrow  passagei 
lined  with  ciliated  epithelium,  and  running  downward,  forward aad 
inward,  called  the  Eustachian  tube.  A  chain  of  small  bones,  tb« 
malleus,  incus,  and  stapes,  is  stretched  across  the  cavity  of  ilw 
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tjrmpanam,  and  forms  a  communication  between  the  membrana 
tjmpani  on  tbe  outside,  and  the  membrane  closing  the  foramen 
ovale  in  the  petrous  portion  of  the  temporal  bone.  All  the  vibra- 
tions, accordinglj,  which  are  received  by  the  membrana  tympani, 
are  transmitted  by  the  chain  of  bones  to  the  membrane  of  the 
foramen  ovale.  The  tension  of  the  membranes  is  regulated  by  three 
small  muscles,  the  tensor  tympani,  laxator  tympani,  and  ttapedius 
muscles,  which  arise  from  the  bony  parts  in  the  neighborhood,  and 
are  inserted  respectively  into  the  neck  and  long  process  of  the  mal- 
leus and  the  head  of  the  stapes,  and  which  draw  these  bones  for- 
ward and  backward  upon  their  articulations. 

Thirdly,  behind  the  membrane  of  the  foramen  ovale  lies  the 
labyrinth,  or  internal  ear.  This  consists  of  a  complicated  cavity, 
excavated  in  the  petrous  portion  uf  the  temporal  bone,  and  com- 
prising an  ovoid  central  portion,  the  vestibule,  a  double  spiral  canal, 
the  cochlea,  and  three  semicircular  canals,  all  communicating  by 
means  of  the  common  vestibule.  All  parts  of  this  cavity  contain 
a  watery  fluid  termed  the  perilymph.  The  vestibule  and  semi- 
circular canals  also  contain  closed  membranous  sacs,  suspended  in 
the  fluid  of  the  perilymph,  which  reproduce  exactly  the  form  of 
the  bony  cavities  themselves,  and  communicate  with  each  other  in 
a  similar  way.  These  sacs  are  filled  with  another  watery  fluid, 
ihe  endolymph ;  and  the  terminal  filaments  of  the  auditory  nerve 
are  distributed  upon  the  membranous  sac  of  the  vestibule  and  upon 
the  ampullsB,  or  membranous  dilatations,  at  the  commencement  of 
the  three  semicircular  canals.  The  remaining  portion  of  the  audi- 
toiy  nerve  is  distributed  upon  the  septum  between  the  two  spiral 
canals  of  the  cochlea. 

Thus,  the  essential  or  fundamental  portion  of  the  auditory  appa- 
ratus is  evidently  the  internal  ear,  a  cavity,  partly  membranous  and 
partly  bony,  in  which  is  distributed  a  nerve  of  special  sense,  the 
auditory  nerve,  capable  of  appreciating  sonorous  impressions.  The 
aooessory  parts,  on  the  other  hand,  are  the  chain  of  bones  and  the 
membrane  of  the  tympanum,  which  communicate  the  sonorous 
vibrations  directly  to  the  internal  ear ;  and  the  meatus  and  external 
ear,  which  collect  them  from  the  atmosphere.  The  reception  of 
sonorous  impulses  is  therefore  accomplished  in  a  very  indirect  way. 
For  the  sonorous  body  first  communicates  its  vibrations  to  the 
atmosphere.  By  the  atmosphere  these  vibrations  are  communicated 
to  the  membrana  tympani.  From  the  membrana  tympani,  they  are 
transmitted,  through  the  chain  of  bones,  to  the  membrane  of  the 
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foramen  ovale ;  tlaence  to  the  perilymph,  or  fluid  of  the  labyrinibic 
cavity,  and  from  the  perilymph  to  the  mernbranouB  parts  of  Ute 
labyrinth  and  the  nerves  which  are  distributed  upon  them. 
The  arraugcraent  of  the  different  parts  composing  the  Xj 
is  of  the  greatest  importance  for  the  perfect  enjoyment  of  the  aeaat 

Fig,  176. 


HrvAX  AnsiToar  ArvAtLirt'a.tbawltig  axtorul  udltory  meata*,  tympaaan, u4 lifer 
rlttth. 

of  hearing.  For  the  air  on  the  two  sides  of  the  membrane  of  ibe 
tympanum  should  be  in  the  same  condition  of  elasticity  in  order  lo 
allow  of  the  proper  vibration  of  the  membrane;  and  this  equilibrium 
would  be  liable  to  disturbance  if  the  air  within  the  tympanum  wer« 
completely  conflned,  while  that  outside  is  subjected  to  \'ariatioas 
of  barometric  pressure.  By  means  of  the  Eustachian  tube,  how- 
ever, a  communication  is  established  between  the  cavity  of  the 
tympanum  and  the  exterior,  and  the  free  vibration  of  the  membnxtd 
is  thus  secured. 

The  exact  tension  of  (ha  membrana  tympani  itself  is  also  provided 
for,  as  we  have  already  observed,  by  the  action  of  the  two  moacles 
inserted  into  the  malleus  and  the  stapes.  By  the  contraction  of 
the  internal  muscle  of  the  malleus,  or  tensor  tympani,  the  merabnmc 
of  the  tympanum  is  drawn  inward  and  rendered  more  tense  tban 
usual.  The  action  of  the  stapedius  muscle  is  by  some  thought  to 
relax  the  membrana  tympani,  by  others  to  assist  in  the  lensiou 
both  of  this  membrane  and  that  of  the  foramen  ovale^  to  which 
the  stapes  is  attached.  But  there  is  no  doubt  that  both  these  mo»- 
cles,  by  their  combined  or  alternate  action,  can  regulate  the  tei 
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•f  the  tympanic  membrane,  to  an  extraordinary  degree  of  nicety, 
Aid  thus  increase  the  ease  and  delicacy  with  which  various  sounds 
TO  distinguished.  For  if  the  membrane  be  so  put  upon  the  stretch 
hat  its  fundamental  note  shall  be  the  same  with  that  of  the  sound 
rhich  is  to  be  heard,  it  will  vibrate  more  readily  in  consonance 
rith  the  undulations  of  the  atmosphere,  and  the  sound  will  be 
nore  distinctly  heard.  On  the  contrary,  if  the  membrane  be  too 
lighly  stretched,  very  grave  sounds  may  not  be  heard  at  all,  until 
ts  tension  is  diminished  to  the  requisite  degree. 

Contrary  to  what  is  sometimes  asserted,  the  communication  of 
sonorous  impulses  to  the  internal  ear  is  accomplished  altogether  by 
means  of  the  tympanum  and  chain  of  hones.  It  has  been  thought  that 
sonnds  were  transmitted,  in  many  instances,  directly  to  the  internal 
aar  by  the  medium  of  the  cranial  bones.  This  was  inferred  from 
Btich  fiu^  as  the  following.  If  a  tuning-fork,  in  vibration,  be  taken 
between  the  teeth,  its  sound  will  appear  very  much  louder  than 
if  it  were  simply  held  near  the  external  ear ;  and  if,  while  it  is  so 
held,  one  of  the  ears  be  closed,  the  sound  will  appear  very  much 
loader  on  that  side  than  on  the  other.  The  sound  will  also  be  heard 
if  the  tuning-fork  be  applied  to  the  upper  part  of  the  cranium  or 
the  mastoid  process,  with  a  similar  increase  of  resonance  on  closing 
the  ears.  Finally  our  own  voices  are  heard,  though  the  ears  be 
both  closed,  and  the  sound  is  much  louder  with  the  ears  closed 
than  open. 

These  are  the  &cts  which  have  led  to  the  belief  that,  in  such 
instances^  the  sound  was  communicated  directly  through  the  bones 
of  the  head,  vibrating  in  consonance  with  the  sounding  body.  But 
a  little  examination  will  show  that  such  is  not  the  case.  When  we 
hold  the  end  of  a  vibrating  tuning-fork  between  the  teeth,  we  no 
longer  hear  the  sound  at  the  vibrating  extremity  of  the  instru- 
ment or  its  neighborhood,  but  in  the  mouth  and  the  nasal  fossa.  It 
is  the  vibration  of  the  air  in  these  passages  which  produces  the 
knmd ;  and  this  vibration  is  communicated  to  the  cavity  of  the 
fcyxnpanam,  perhaps  through  the  Eustachian  tube.  The  apparent 
increase  of  sound,  also,  on  closing  the  ears,  which  could  not  be  ex- 
plained on  supposing  it  to  be  conducted  directly  to  the  internal 
ear  through  the  bones  of  the  cranium,  is  due  to  the  same  cause. 
For  it  can  easily  be  seen,  on  trying  the  experiment,  either  with  a 
taning'fork  held  between  the  teeth,  or  simply  with  our  ow/i  voices, 
that  this  apparent  increase  of  sound  takes  place  only  when  the 
eaxB  are  closed  by  gefrdle  pressure.    If  the  pressure  be  excessive 
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«o  tbat  the  integument  13  forced  inward  into  the  meatas  taS 
air  ia  the  meatus  subjected  to  undue  compression,  the  aoond  no 
longer  appears  louder  in  the  corresponding  ear,  and  m»y  e?en  b» 
lost  altogether. 

The  apparent  increase  of  sound,  therefore,  in  such  cases,  wba 
the  ear  is  gently  closed,  is  due  to  the  fact  that  the  meatus  is  thoj 
converted  into  a  reverberatorj  cavity,  by  which  the  vibrations  of 
the  tympanum  arc  increased  in  intensity.  But  if  the  air  in  tJ>e 
meatus  be  too  much  compressed  by  forcible  closure,  the  vibnitiooi 
of  the  tympanum  are  then  interfered  with  and  the  sound  is  dimi- 
nished or  destroyed. 

In  all  cases,  then,  it  is  the  sonorous  vibrations  of  the  air  which 
produce  the  sound,  and  these  vibrations  are  received  invariably  br 
the  membrane  of  the  tymjianum,  and  thence  transmitted  to  tlje 
internal  ear  by  the  chain  of  bones.  The  cranial  bones  are  incaptbl* 
of  communicating  these  vibrations  to  the  labyrinth  and  itsavntaitK 
except  very  faintly  and  imperfectly.  For  common  experience sbowj 
that  even  the  loudest  and  sharpest  sounds,  coming  from  without 
are  almost  entirely  lost  on  closing  the  external  ears ;  and  our  owo 
respiratory  and  cardiac  sounds,  which  are  so  easily  heard  assoob 
as  the  chest  is  connected  ynth  the  ear  by  a  flexible  stethoscope,  an 
entirely  inaudible  to  us  in  the  usual  condition. 

The  exact  function  of  the  different  parts  of  the  internal  tu  ii 
not  well  understood.  It  has  been  thought  to  be  the  office  of  the 
semicircular  cnnala  to  determine  the  direction  from  which  the  «m» 
rous  impulses  are  propagated.  This  opinion  was  based  upon  the 
curious  fact  that  these  canals,  always  three  in  number,  are  placed 
in  such  positions  as  to  correspond  with  the  three  different  direo 
tiona  of  vertical,  lateral,  and  longitudinal  extension;  for  on«  « 
them  ia  nearly  vertical  and  transverse,  another  vertical  and  longi' 
tudinal,  and  the  third  horizontal  in  position.  The  sonorous  iiB- 
pulses,  therefore,  coming  in  either  of  these  directions,  would  t* 
received  by  only  one  of  the  semicircular  canals  (by  direct  coodoc- 
tjon  through  the  bones  of  the  head)  perpendicularly  to  its  o*i> 
plane ;  and  an  intermediate  direction,  it  was  thought,  might  be 
appreciated  by  the  combined  effect  of  the  impulse  upon  two  adj* 
cent  canals. 

Enough  has  already  been  said,  however,  in  regard  to  the  oornnji- 
nication  of  sound  directly  through  the  bones  of  the  head  to  the  in* 
ternal  ear,  to  show  that  tbis  cannot  be  the  mode  in  which  the  dxKO" 
tion  of  sound  ia  ascertained.    Indeed,  when  we  hear  any  load 
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irall-niarked  soaod  coining  from  a  particular  region,  such  as  the 
muic  of  a  military  band  or  the  whistle  of  a  locomotive,  we  have  only 
ao  oloee  the  external  ears  to  lose  our  perception  both  of  the  sound 
ind  its  direction.  The  direction  of  sonorous  impressions  is  appre- 
siated  in  a  different  way.  In  the  first  place,  we  feel  that  the  sound 
oomes  from  one  side  or  the  other,  by  its  making  a  more  distinct 
impression  on  one  ear  than  the  opposite;  and  by  inclining  the 
liead  slightly  in  various  directions,  we  easily  ascertain  whether  the 
Boand  becomes  more  or  less  acute,  and  so  judge  of  its  actual  source. 
Many  of  the  lower  animals,  whose  ears  are  very  large  and  movable, 
use  this  method  to  great  extent.  A  horse,  for  example,  when  upon 
the  road,  often  keeps  his  ears  in  constant  motion,  feeling,  as  it  were, 
in  the  distance,  for  the  origin  of  the  various  sounds  which  excite 
his  attention. 

Beside  the  above,  we  are  further  ainisted  in  our  judgment  of  the 
direction  of  sounds  by  our  previous  knowledge  of  the  localities, 
the  direction  of  the  wind,  and  the  manner  in  which  the  sound  is 
refleoted  by  surrounding  objects.  When  these  sources  of  informa- 
tion fail  us,  we  are  often  at  a  loss.  It  is  notoriously  difficult,  for 
example^  to  judge  of  the  place  of  the  chirping  of  a  cricket  in  a 
perfectly  cXoasdi  room,  or  of  the  direction  of  a  bell  heard  on  the 
watOT  in  a  thick  fog. 

The  sense  of  hearing  has  a  much  closer  analogy  with  ordinary 
•ensibility  than  that  of  sight.  Thus,  in  the  first  place^  hearing  is 
accomplished  by  the  direct  intervention  and  contact  of  a  material 
body — the  atmosphere ;  for  sonorous  impulses  cannot  bo  produced 
in  a  vacuum,  and  we  hear  no  sound  from  a  bell  rung  Under  an 
exhausted  receiver.  Secondly,  the  nature  of  the  impressions  pro- 
dnoed  by  sound  is  such  that  we  can  often  describe  them  by  the 
nune  terms  which  are  applied  to  ordinary  sensations.  Thus,  we 
ipeak  of  sounds  as  sharp  and  dull,  piercing,  smooth,  or  rough ;  and 
ire  feel  the  impulse  of  a  sudden  and  violent  explosive  sound,  like 
that  of  a  blow  upon  the  tympanum. 

By  this  sense,  therefore,  we  distinguish  the  quality,  intensity, 
[ntch,  duration,  and  direction  of  sonorous  impulses.  The  delicacy 
irith  which  these  distinctions  are  appreciated  varies  considerably 
in  different  individuals ;  and  in  different  kinds  of  animals  there  is 
reason  to  believe  that  the  diversity  is  much  greater,  some  of  them 
being  almost  insensible  to  sounds  which  are  readily  perceived  by 
jthers.  In  man,  the  number  and  variety  of  tones  which  can  usually 
be  discriminated  is  very  great ;  and  this  sense,  accordmgly,  in  the 
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complication  aod  finisli  of  its  apparatus,  and  the  perfection  and  ddi- 
cacy  of  its  actioQ,  must  be  regarded  as  second  only  to  that  of  viaoa 


On  the  Senses  in  General.— ^There  are  several  facts  «  ;  .  >! 
with  the  operation  of  the  senses,  both  general  and  special,  w  _i:j 
are  common  to  all  of  them,  and  which  still  remain  to  be  constdend 
In  the  first  place,  an  impression  of  any  kind,  made  upon  a  aeDat 
tive  organ,  remains  for  a  time  after  the  removal  of  I'te  exciting  ooui 
We  have  already  noticed  this  in  regard  to  the  senses  of  taste,  meU 
and  sight,  but  it  is  equally  true  of  the  hearing  and  the  tooeiL 
Thus,  if  the  skin  be  touched  with  a  piece  of  ice,  the  acute  seui- 
tiou  remains  for  a  few  seconds,  whether  the  ice  be  removed  or  ocl 
For  the  higher  order  of  the  special  senses,  the  time  during  whick 
this  secondary  impression  remains  is  a  shorter  one.  In  the  case  of 
hearing,  however,  it  has  been  measured  with  tolerable  approach  to 
accuracy ;  for  if  has  been  found  that,  if  the  sonorous  undulatiosf 
follow  each  other  with  a  greater  rapidity  than  sixteen  times  per 
second,  they  become  fused  together  into  a  continuous  sound,  pr^ 
ducing  upon  the  ear  the  impression  of  a  musical  note.  The  varying 
pitch  of  the  note  depends  upon  the  rapidity  with  which  the  vibra- 
tions succeed  each  other.  When  the  succession  of  vibrations  is 
very  rapid,  a  high  note  is  the  result,  and  when  comparatively  alow, 
a  low  note  is  produced ;  but  when  the  number  of  impulses  Ml 
below  sixteen  per  second,  we  then  perceive  the  distinct  vibrati(M4 
and  so  lose  the  impression  of  a  continuous  note. 

All  the  senses,  iu  the  second  place,  become  acctutomed  to  a  ctnf 
tinned  impre&sif^n,  so  that  they  no  longer  perceive  its  ffTiff*""'^ 
Thus,  if  a  perfectly  uniform  pressure  be  exerted  upon  any  poJtof 
the  body,  the  compressing  substance  after  a  time  fails  to  excite  aaj 
sensation  iu  the  skin,  and  we  remain  unconscious  of  its  existdkA 
In  order  to  attract  our  notice,  it  is  then  necessary  to  increassff 
diminish  the  pressure;  while,  so  long  as  this  remains  nniforra, 00 
effect  ia  perceived.  But  if,  after  the  skin  has  thus  become  aoco* 
tomed  to  its  presence,  the  foreign  body  be  suddenly  removed,  our 
attention  is  then  immediately  excited,  and  we  notice  the  abeeDoeof 
an  impression,  in  the  same  way  as  if  it  were  a  positive  seusatioQ. 

We  all  know  how  rapidly  we  become  habituated  to  odors,  wkelbar 
agreeable  or  disagreeable  in  their  nature,  in  the  confined  air  of  a 
close  apartment;  although,  on  first  entering  from  without,  our 
attention  may  have  been  attracte<l  by  them  in  a  very  ddciJol 
manner.  A  continuous  and  uniform  Bound,  also,  like  the  steadf] 
rumbling  of  carriages,  or  the  monotonous  hissing  of  boiling  water, 
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woomes  after  a  time  inaudible  to  ns;  but  as  soon  as  the  sound 
leases,  we  notice  the  alteration,  and  our  attention  is  at  once  excited. 
^he  senses,  accordingly,  receive  their  stimulus  more  from  the  varia> 
um  and  contrast  of  external  impressions,  than  from  these  impres 
ions  themselves. 

Another  important  particular,  in  regard  to  the  senses,  is  their 
vtpaeity  for  education.  The  proofs  of  this  are  too  common  and  too 
apparent  to  need  more  than  a  simple  allusion.  The  touch  may  be 
lo  trained  that  the  blind  may  read  words  and  sentences  by  its  aid, 
A  raised  letters,  where  an  ordinary  observer  would  hardly  detect 
inything  more  than  a  barely  distinguishable  inequality  of  surface. 
The  educated  eye  of  the  artist,  or  the  naturalist,  will  distinguish 
nuriations  of  color,  size,  and  outline,  altogether  inappreciable  to 
(yroUnary  vision ;  and  the  senses  of  taste  and  smell,  in  those  who  are 
in  ihe  habit  of  examining  wines  and  perfumes,  acquire  a  similar 
mperiority  of  discriminating  power. 

In  these  instances,  however,  it  is  not  probable  that  the  organ  of 
lanae  itself  becomes  any  more  perfect  in  organization,  or  more 
raaoeptible  to  sensitive  impressions.  The  increased  functional 
power,  developed  by  cultivation,  depends  rather  upon  the  greater 
delioaoy  of  the  perceptive  and  discriminating  faculties.  It  is  a  mental 
and  not  a  physical  superiority  which  gives  the  painter  or  the 
naturalist  a  greater  power  of  distinguishing  colors  and  outlines, 
and  which  enables  the  physician  to  detect  nice  variations  of  quality 
in  the  sounds  of  the  heart  or  the  respiratory  murmur  of  the  lungs. 
The  impressions  of  external  objects,  therefore,  in  order  to  produce 
their  complete  eflFect,  must  first  be  received  by  a  sensitive  appa- 
ratus, which  is  perfect  in  organization  and  functional  activity; 
and,  secondly,  these  impressions  must  be  subjected  to  the  action  of 
an  intelligent  perception,  by  which  their  nature,  source  and  rela- 
tions are  fully  appreciated. 

That  part  of  the  nervous  system  which  we  have  hitherto 
studied,  viz.,  the  cerebro-spinal  system,  consists  of  an  apparatus  of 
nerves  and  ganglia,  destined  to  bring  the  individual  into  relation 
with  the  external  world.  By  means  of  the  special  senses,  he  is 
made  cognizant  of  sights,  sounds,  taste,  and  odors,  by  which  he 
is  attracted  or  repelled,  and  which  guide  him  in  the  pursuit  and 
choice  of  food.  By  the  general  sensations  of  touch  and  the  volun- 
tary movements,  he  is  enabled  to  alter  at  will  his  position  and 
location,  and  to  adapt  them  to  the  varying  conditions  under  which 
he  may  be  placed.    The  great  passages  of  entrance  into  the  body, 
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and  of  exit  from  it,  are  guarded  by  the  same  portion  of  tte  nerr- 
oua  system.  The  introduction  of  food  into  the  mouth,  and  id 
passage  through  the  oesophagus  to  the  stomach,  are  regulateil  by 
the  same  nervous  apparatus ;  and  even  the  passage  of  air  ihn)ug'n 
the  larynx,  and  its  penetration  into  the  lungs,  are  equally  under 
the  guidance  of  sensitive  and  motor  nerves  belonging  to  tie 
cerebrospinal  system. 

It  will  be  observed  that  the  above  functions  relate  altogttlnf 
either  to  external  phenomena  or  to  the  simple  intro<luction  intotbl 
body  of  food  and  air,  which  are  destined  to  undergo  natritiTe 
changes  in  the  interior  of  the  frame. 

If  we  examine,  however,  the  deeper  regions  of  the  body,  we  find 
located  in  them  a  series  of  internal  phenomena,  relating  only  to 
the  substances  and  materials  which  have  already  penetrated  ioio 
the  frame,  and  which  form  or  are  forming  a  part  of  its  Btrnctupt 
These  are  the  purely  vegetative  functions,  as  they  are  called;  of 
those  of  growth,  nutrition,  secretion,  excretion,  and  reproduction. 
These  functions,  and  the  organs  to  which  they  belong,  are  not 
under  the  direct  influence  of  the  cerebro-spinal  nerves,  but  we 
regulated  by  another  portion  of  the  nervous  system,  viz.  th* 
"ganglionic  system ;"  or,  as  it  is  more  commonly  called,  the  'sj*^ 
tem  of  the  great  sympathetic." 
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CHAPTER    VII. 

SYSTEM  OP  THE  GREAT  SYMPATHETIC. 

The  sympathetic  system  consists  of  a  double  chain  of  nervous 
ganglia,  running  from  the  anterior  to  the  posterior  extremity  of  the 
body,  along  the  front  and  sides  of  the  spinal  column,  and  connected 
with  each  other  by  slender  longitudinal  filaments.  Each  ganglion 
is  reinforced  by  motor  and  sensitive  filaments  derived  from  the 
cerebro-spinal  system,  and  thus  the  organs  under  its  influence  are 
brought  indirectly  into  communication  with  external  objects  and 
phenomena.  The  nerves  of  the  great  sympathetic  are  distributed 
to  organs  over  which  the  consciousness  and  the  will  have  no  imme- 
diate control,  as  the  intestine,  kidneys,  heart,  liver,  &c. 

Anatomical  arrangement  of  the  sympathetic  system.  —  The  first 
sympathetic  ganglion  in  the  head  is  the  ophthalmic  ganglion. 
It  is  situated  within  the  orbit  of  the  eye,  on  the  outer  aspect 
of  the  optic  nerve.  It  communicates  by  slender  filaments  with 
the  carotid  plexus,  which  forms  the  continuation  of  the  sym- 
pathetic system  from  below;  and  receives  a  motor  root  from 
the  oculo-motorius  nerve,  and  a  sensitive  root  from  the  ophthalmic 
branch  of  the  fifth  pair.  Its  filaments  of  distribution,  known  as  the 
"  ciliary  nerves,"  pass  forward  upon  the  eyeball,  pierce  the  sclerotic, 
and  finally  terminate  in  the  iris. 

The  next  division  of  the  great  sympathetic  in  the  head  is  the 
tpheno-palatine  ganglion,  situated  in  the  spheno-maxillary  fossa.  It 
communicates,  like  the  preceding,  with  the  carotid  plexus,  and 
receives  a  motor  root  from  the  facial  nerve,  and  a  sensitive  root 
from  the  superior  maxillary  branch  of  the  fifth  pair.  Its  filaments 
are  distributed  to  the  levator  palati  and  azygos  uvulaj  muscles,  and 
to  the  mucous  membrane  about  the  posterior  nares. 

The  third  sympathetic  ganglion  in  the  head  is  the  sxihmaxillary, 
situated  upon  the  submaxillary  gland.  It  communicates  with  the 
superior  cervical  ganglion  of  the  sympathetic  by  filaments  which 
accompany  the  facial  and  external  carotid  arteries.  It  derives  its 
sensitive  filaments  from  the  lingual  branch  of  the  fifth  pair,  and  its 
34 
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motor  filaments  from   tlie   nicial   nerve,  hj  ineaas  of  tbe 
tyinpaui.    Its  bnuiches  of  distribution  pass  to  the  sides  of  tbe1 
and  to  the  submaxillary  and  sublingual  glands. 

Tlie  last  sympathetic  ganglion  in  the  head  is  the  otic  jawj 
It  is  situated  just  Ijenealh  the 

base  of  the  skull,  on  the  inner  Fig.  177. 

side  of  the  third  division  of 
the  fifth  pair.  It  sends  fila- 
ments of  communication  to 
the  carotid  plexus;  and  re- 
ceives a  motor  root  from  the 
faciid  nerve^  and  a  sensitive 
root  from  the  inferior  maxil- 
lary division  of  the  fifth  pair. 
Its  brancties  arc  sent  to  the 
internal  muscle  of  the  mal- 
leus in  the  middle  ear  (tensor 
ty mpani),  to  the  circumflexus 
palati.  aud  to  the  mucous 
meriibraue  of  tbe  tympanum 
and  Eustachian  lube. 

The  eoutiuuation  of  the 
sympathetic  nerve  in  the  neek 
consists  of  two  and  some- 
times three  ganglia,  the  su- 
perior, middle,  and  inferior. 
These  gangUa  communicate 
with  each  other,  and  also 
with  the  anterior  branches 
of  the  cervical  spinal  nerves. 
Their  filaments  follow  the 
course  of  the  cjirotid  artery 
and  its  branches,  covering 
them  with  a  network  of  inter- 
lacing fibres,  anti  are  finally 
distributed  to  the  substance  of 
the  thyroid  gland,  and  to  the 
walla  of  the  larynx,  trachea, 
pharynx,  and  ossophagus.  By  the  superior,  middle,  and  inferiol 
cardiac  nerves,  thoy  also  supply  sympathetic  fibres  to  tbe  Cftxdii^ 
plexuses  und  to  the  substauce  of  the  heart. 
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In  the  chest,  the  ganglia  of  the  sympathetic  nerve  are  situated  oa 
ach  side  the  spinal  column,  just  over  the  heads  of  the  ribs,  with 
rhich  they  accordingly  correspond  in  number.  Their  communi- 
ations  with  the  intercostal  nerves  are  double ;  each  sympathetic 
^nglion  receiving  two  filaments  from  the  intercostal  nerve  next 
.bove  it.  The  filaments  originating  from  the  thoracic  ganglia  are 
LLstributed  upon  the  thoracic  aorta,  and  to  the  lungs  and  oesophagus. 

In  the  abdomen,  the  continuation  of  the  sympathetic  system  con- 
ists  principally  of  the  aggregation  of  ganglionic  enlargements 
ituated  upon  the  cceliac  artery,  known  as  the  semilunar  or  cceliac 
fanglion.  From  this  ganglion  a  multitude  of  radiating  and  inoscu- 
ating  branches  are  sent  out,  which,  from  their  diverging  course  and 
heir  common  origin  from  a  central  mass,  are  termed  the  "solar 
)lezus."  From  this,  other  diverging  plexuses  originate,  which 
^company  the  abdominal  aorta  and  its  branches,  and  are  distrib- 
ited  to  the  stomach,  small  and  large  intestine,  spleen,  pancreas,  liver, 
:idneys,  supra-renal  capsules,  and  internal  organs  of  generation. 

Beside  the  above  ganglia  there  are  in  the  abdomen  four  other 
pairs,  situated  in  front  of  the  lumbar  vertebrae,  and  having  similar 
onnections  with  those  Occupying  the  cavity  of  the  chest.  Their 
ilaments  join  the  plexuses  radiating  from  the  semilunar  ganglion. 

In  the  pelvis,  the  sympathetic  system  is  continued  by  four  or  five 
wdrs  of  ganglia,  situated  on  the  anterior  aspect  of  tlie  sacrum,  and 
erminating,  at  the  lower  extremity  of  the  spinal  column,  in  a  single 
;anglion,  the  "  ganglion  impar,"  which  is  probably  to  be  regarded 
a  a  fusion  of  two  separate  ganglia. 

The  entire  sympathistic  series  is  in  this  way  composed  of  nume- 
ous  small  ganglia  which  are  connected  throughout,  first,  with  each 
»ther;  secondly,  with  the  cerebro-spinal  system;  and  thirdly,  with 
he  internal  viscera  of  the  body. 

Physiological  properties  of  tlie  sympathetic  nerve.  —  The  prop- 
irties  and  functions  of  the  great  sympathetic  have  been  less 
iQCcessfully  studied  than  those  of  the  cerebro-spinal  system, 
>wing  to  the  anatomical  difl&culties  in  the  way  of  reaching  and 
>perating  upon  this  nerve  for  purposes  of  experiment.  The  cerebro- 
ipinal  axis  and  its  nerves  are  easily  exposed  and  subjected  to  exami- 
lation.  It  is  also  easy  to  isolate  particular  portions  of  this  system, 
ind  to  appreciate  the  disturbances  of  sensation  and  motion  conse- 
inent  upon  local  lesions  or  irritations.  The  phenomena,  further- 
aore,  which  result  from  experiments  upon  this  part  of  the  nervous 
ipparatus,  are  promptly  produced,  are  well-marked  in  character, 
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ami  are,  aj  a  genera!  rule,  rradily  imderatood  by  the  expwriiiit.ut-.- 
Ou  the  other  hantl^  tiie  principal  part  of  the  sympatheUc  tvaifiu  j 
situated  in  tbe  interior  of  the  chest  and  abdomen ;  and  the  oieie 
operation  of  opening  these  cavities,  so  as  to  reach  the  gaijglii>fflc 
centres,  causes  such  a  disturbance  in  the  functions  of  vital  organs 
and  such  a  shock  to  tbe  system  at  large,  that  the  resnlts  of  ibae 
experiments  have  been  always  more  or  less  confused  and  uosatt*- 
factory.  Furthermore,  the  connections  of  the  sympathetic 
with  each  other  and  with  the  cerebro-spinal  axis  are  so  nu; 
and  so  scatteretl,  that  these  ganglia  cannot  be  completely  isuUlfll 
without  resorting  to  an  operation  still  more  mutilating  ami  injuri- 
ous in  its  character.  And  finally,  the  sensible  phenomena  whicli 
are  obtained  by  experimenting  on  the  great  sympathetic  ane^  in 
many  cases,  slow  in  making  their  appearance,  and  uot  partioulaxir 
striking  or  characteristic  in  their  nature. 

Notwithstanding  these  dilEculties,  however,  some  facts  have  been 
ascertained  with  regard  to  this  part  of  the  nervous  system,  whkh 
give  us  a  certain  degree  of  insight  into  its  character  and  functiooi. 

Influence  on  movement  and  sensibility,  —  The  great  sjnapa- 
thelio  is  endowed  both  with  sensibility  and  the  power  of  «• 
citing  motion ;  but  these  properties  are  less  active  hero  lliM 
in  tlie  cerebro-spinal  system,  and  are  exercised  in  a  differ 
ent  manner.  If  we  irritate,  for  example,  a  sensitive  nerve  la 
one  of  the  extremities,  or  apply  the  galvanic  current  to  tbe  po«^^ 
rior  root  of  a  spinal  nerve,  the  evidences  of  pain  or  of  refc* 
action  are  acute  and  instantaneous.  There  b  no  approciablo  inter 
val  between  tlve  application  of  the  stiraulos  and  the  seontiooi 
which  result  from  it.  On  llic  other  hand,  experimenters  wbo  baw 
operated  upon  the  sympathetic  ganglia  and  nerves  of  the  chest  W^ 
abdomen  liiid  that  evitlcnces  of  sensibility  are  distinctly  manifesirf 
here  also,  but  much  less  acutely,  and  only  after  somewhat  pn>loDg«i 
application  of  the  irritating  cause.  These  results  correspond  rerr 
closely  with  what  we  know  of  the  vital  properties  of  tlic  or^« 
which  are  supplied  either  principally  or  exclusively  by  the  fijrm- 
pathetic;  as  the  liver,  intestine,  kidneys.  &c.  Tliese  organs  »f» 
insensible,  or  nearly  so,  to  ordinary  impressions.  Wo  are  not  oon- 
scions  of  the  changes  and  operations  going  on  in  them,  so  IwJ^** 
these  changes  and  operations  retain  their  normal  character.  But' 
they  are  still  capable  of  perceiving  unusual  or  exoossivo  irritationi 
and  may  even  bec<jme  exceedingly  painful  when  in  a  state  of  io* 
flaniniatiou. 

There  is  the  same  peculiar  character  in  the  action  of  the  moiof 
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nerves  belonging  to  the  sympathetic  system.  If  the  facial  or  hypo- 
glossal, or  the  anterior  root  of  a  spinal  nerve  be  irritated,  the  con- 
vulsive movement  which  follows  is  instantaneous,  violent,  and  only 
momentary  in  its  duration.  But  if  the  semilunar  ganglion  or  its 
nerves  be  subjected  to  a  similar  experiment,  no  immediate  effect  ia 
produced.  It  is  only  afler  a  few  seconds  that  a  slow,  vermicular, 
progressive  contraction  takes  place  in  the  corresponding  part  of  the 
intestine,  which  continues  for  some  time  afler  the  exciting  cause 
has  been  removed. 

Morbid  changes  taking  place  in  organs  supplied  by  the  sympa- 
thetic present  a  similar  peculiarity  in  the  mode  of  their  produc- 
tion. If  the  body  be  exposed  to  cold  and  dampness,  for  example, 
congestion  of  the  kidneys  shows  itself  perhaps  on  the  following 
day.  Inflammation  of  any  of  the  internal  organs  is  very  rarely 
established  within  twelve  or  twenty-four  hours  after  the  application 
of  the  exciting  cause.  The  internal  processes  of  nutrition,  together 
with  their  derangement^  which  are  regarded  as  especially  under 
the  control  of  the  great  sympathetic,  always  require  a  longer  time 
to  be  influenced  by  incidental  causes,  than  those  which  are  regulated 
by  the  nerves  and  ganglia  of  the  cerebro-spinal  system. 

Influence  on  the  special  senses.  —  In  the  head,  the  sympa- 
thetic has  a  close  and  important  connection  with  the  exercise 
of  the  special  senses.  This  is  illustrated  more  particularly  in 
the  case  of  the  eye,  by  its  influence  over  the  alternate  expan- 
sion and  contraction  of  the  pupil.  The  ophthalmic  ganglion 
sends  oflf  a  number  of  ciliary  nerves,  which  are  distributed 
to  the  iris.  It  is  connected,  as  we  have  seen,  with  the  remaining 
sympathetic  ganglia  in  the  head,  and  receives,  beside,  a  sensitive 
root  from  the  ophthalmic  branch  of  the  fifth  pair,  and  a  motor  root 
from  the  oculo-motorius.  The  reflex  action  by  which  the  pupil 
contracts  under  a  strong  light  falling  upon  the  retina,  and  expands 
tinder  a  diminution  of  light,  takes  place,  accordingly,  through  this 
ganglion.  The  impression  conveyed  by  the  optic  nerve  to  the 
tubercula  quadrigemina,  and  reflected  outward  by  the  fibres  of 
the  oculo-motorius,  is  not  transmitted  directly  by  the  last  named 
nerve  to  the  iris ;  but  passes  first  to  the  ophthalmic  ganglion,  and 
ia  thence  conveyed  to  its  destination  by  the  ciliary  nerves. 

The  reflex  movements  of  the  iris  exhibit  consequently  a  some- 
what sluggish  character,  which  indicates  the  intervention  of  a  part 
of  the  sympathetic  system.  The  changes  in  the  size  of  the  pupil 
do  not  take  place  instantaneously,  with  the  variation  in  the  amount 
of  lights  but  always  require  an  appreciable  interval  of  time.    If 
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we  pass  sudUciily  from  a  brilliantly  lighted  apartment  into 
room,  we  are  unable  to  distinguiab  surrounding  objects  uutil  a 
certain  time  has  elapsed,  and  the  expansion  of  the  pupil  has  taken 
place;  and  vision  even  continues  to  grow  more  and  more  distinct 
for  a  considerable  period  afterward,  as  the  expansion  of  the  pupil 
becomes  more  complete.  Again,  if  we  cover  the  eyes  of  anollict 
person  with  the  hand  or  a  folded  cloth,  and  then  suddenly  expose 
them  to  the  light,  we  shall  find  that  the  pupil,  which  n  at  first 
dilated,  contracts  somewhat  rapidly  to  a  certain  extent,  and  after- 
ward continues  to  diminish  in  size  during  several  seconds,  until  the 
proper  equilibrium  is  fairly  estiiblishcd.  Furthermore,  if  we  past 
sudtlcnly  from  a  dark  room  into  the  bright  sunshine,  we  are  imroc- 
diately  conscious  of  a  painful  sensation  in  the  eye,  which  lasts  for 
a  considerable  time;  and  which  results  from  the  inability  oC  the 
pupil  to  contract  with  sufficient  rapidity  to  shut  out  the  exoessitf 
amount  of  light.  All  such  exposures  should  be  made  gradaallyr 
60  tliat  the  movements  of  the  iris  may  keep  pace  with  the  varying 
quantity  of  stimulus,  and  so  protect  the  eye  from  injurious  imprw- 
gions. 

The  reflex  movements  of  the  iris,  however,  though  aocompli.^beni 
through  the  medium  of  the  ojihthalmic  ganglion,  derive  tbdr 
original  stimulus,  through  the  motor  root  of  this  ganglion,  from 
the  ocnlo-motorius  nerve.  For  it  has  been  found  that  if  the  octtio 
raotoriu.s  nerve  be  divided  between  the  brain  and  the  eyeball,  the 
pupil  becomes  immediately  dilated,  and  will  no  longer  contract 
under  the  influence  of  light.  The  motive  power  originally  derived 
from  the  brain  is,  tliereforo,  in  the  case  of  the  iris,  modified  by 
passing  through  one  of  the  sympathetic  ganglia  Iw^fore  it  n>a«4|^^ 
its  final  destination.  ^^| 

An  extremely  interesting  fact  in  this  coime<:tion  is  the  followiflf. 
Of  the  three  organs  of  special  sense  in  the  he^ad,  viz.,  the  eye,  lh« 
nose,  and  the  ear,  each  one  ia  provided  with  two  sets  of  musclea 
superficial  and  deep,  which  together  regulate  the  quantity  of  stimn* 
lu9  admitted  to  the  organ,  and  the  motle  in  which  it  is  received. 
The  Hui^verlicial  set  of  these  muscles  is  animated  by  branches  of  th* 
facial  nerve ;  the  deep-seated  or  internal  set,  by  filaments  from  a 
sj-ni pathetic  ganglion. 

Thus,  the  front  of  the  eyeball  is  protected  by  the  orbicularis  and 
levator  palpebrre  superioris  muscles,  which  open  or  close  the  eve- 
lids  at  will,  and  allow  a  larger  or  smaller  quantity  of  light  to  reach 
the  coniea.     These  muscles  are  supplied  by  the  oculo-raotoriua 
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Fig.  178. 


facial  nerves,  and  are  for  the  most  part  voluntary  in  tlieir  action. 
Tho  iris,  on  the  other  hand,  is  a  more  deeply  seated  muscular 
curtain,  which  regulates  the  quantity  of  light  admitted  through  the 
pupiL  Its  muscular  fibres  are  supplied,  as  we  have  seen,  by  fila- 
ments from  the  ophthalmic  ganglion,  and  their  movements  are 
involuntary  in  character. 

Division  of  the  sympathetic  nerve  in  the  middle  of  the  neck 
has  aecordingly  a  very  singular  and  instantaneous  effect  on  the 
muscular  apparatus  of  the  eye.  Within  a  very  few  seconds  after 
the  above  operation  has  been  performed  upon  the  cat,  the  pupil  of 
the  corresponding  eye  becomes  strongly  contracted,  and  remains  in 
that  condition.     At  the  same  time  the  third  eyelid,  or  "nictitating 

membrane,"  with  which  these  ani- 
mals are  provided,  is  drawn  par- 
tially over  the  cornea,  and  the  upper 
and  lower  eyelids  also  approxi- 
mate very  considerably  to  each 
other;  so  that  all  the  apertures 
guarding  the  eyeball  are  very 
perceptibly  narrowed,  and  the  ex- 
pression of  the  face  uii  that  side  is 
altered  in  a  corresponding  degree. 
This  effect  upon  the  pupil  has 
been  explained  by  supposing  the 
circular  fibres  of  the  iris,  or  the 
constrictors  of  the  pujiil,  to  be 
Animated  exclusively  by  nervous  filaments  derived  from  the  oculo- 
motorins;  and  the  radiating  fibres,  or  the  dilators,  to  he  iiupplied 
bj  the  sympathetic.  Accordingly^  while  division  of  the  oculo- 
motorius  would  produce  dilatation  of  the  pupil,  by  paralysis  of 
the  circular  fibres  only,  division  of  the  sympathetic  would  be 
followed  by  exclusive  paralysis  of  the  dilators,  and  a  permanent 
contraction  of  the  pupil  would  consequently  take  place.  Tho 
above  explanation,  however,  is  not  entirely  satisfactory;  since,  in 
the  first  place,  division  of  the  oculo-motorius,  as  the  experiments  of 
Bernard  have  shown,'  does  not  by  itself  produce  complete  dilata- 
tion of  the  pupil;  and.  secondly,  after  division  of  the  sym]>athetic 
nerve  in  the  cat,  as  we  have  already  shown,  not  only  is  the  pupil 


Cat,  afler  wction  of  th«  riglit  «rinp*tb»tic. 


>  Lp^ons  gur  In  PLysiologie  et  la  rftlhologie  du  Sjat^me  Nerveux,  Paris,  1868, 
Tol.  ii.  p.  203. 
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contracted,  but  both  the  upper  and  lower  eyelids  and  the  nictitating 
membrane  are  alao  drawn  partially  over  the  cornea,  and  ttssist  in 
excluding  the  light.  The  last-named  effect  cannot  be  ovring  to  tsj 
direct  paralysis,  from  division  of  the  fibres  of  the  sympathetic.  It 
is  more  probable  that  the  section  of  this  nerve  operates  sirnply  }tj 
exaggerating  for  a  time  the  sensibility  of  the  retina,  owing  to  the 
vascular  congestion  of  the  parts;  and  that  the  partial  r'  "the 

eyelids  and  pupil  is  a  secondary  consequence  of  that  «  i. 

In  the  olfactory  apparatus,  the  anterior  or  superficial  «l  rf 
muscles  are  the  compressors  and  elevators  of  the  alw  nasi,  irbicb 
are  animated  by  filaments  of  the  facial  nerve.  By  their  action, 
oflorif'erous  vapors,  when  faiut  and  delicate  in  their  character,  »re 
snufied  up  and  directed  into  the  upper  part  of  the  nasal  paasagcii, 
where  they  come  in  contact  with  the  most  sensitive  portions  of  tb«? 
olfactory  membrane ;  or,  if  too  pungent  or  disagreeable  in  flaror, 
are  excluded  from  entrance.  These  muscles  are  not  very  im- 
portant or  active  in  the  human  subject;  but  in  many  of  the  lover 
animals  with  a  more  active  and  powerful  sen.Bie  of  smell,  as.  for 
example,  the  carnivora,  they  may  be  seen  to  play  a  very  importiint 
part  in  the  mechanism  of  olfaction.  Furthermore,  the  levators  and 
depressors  of  the  velum  palati,  which  are  more  deeply  ssjuuued. 
serve  to  open  or  close  the  orifice  of  the  posterior  nares,  and  acoJm- 
plish  a  similar  office  with  the  muscles  already  named  in  frooL  The 
levator  palati  and  azygos  uvuloj  muscles,  which,  by  tlicir  actioo, 
tend  to  close  the  posterior  nares,  are  supplied  by  filaments  from  tbe 
spheno-palatine  ganglion,  and  are  involuntary  in  their  character. 

The  ear  has  two  similar  seta  of  muscles,  similarly  supplied.  TV 
first,  or  superficial  set,  are  those  moving  the  external  ear,  riz.,  tlw 
anterior,  superior,  and  posterior  auriculares.  Like  the  muscle*  of 
the  anterior  nares,  they  are  comparatively  inactive  in  man,  hat  in 
many  of  the  lower  animals  are  well  developed  and  importani.  In 
the  horse,  the  deer,  the  sheep,  &c.,  they  turn  the  ear  in  various 
directions  so  as  to  catch  more  distinctly  faint  and  distant  soundstor 
to  exclude  those  which  are  harsh  and  disagreeable.  These  muscle* 
are  supplied  by  filaments  of  the  facial  nerve,  and  are  voluntart  in 
their  action. 

The  deep-seated  set  are  tlie  muscles  of  tbe  middle  obt.    In  onicr 
to  understand  their  action,  we  must  recollect  that  soonda  are  trans- 
mitted from  the  external  to  the  middle  ear  through  the  membrane ' 
of  the  tympanum,  which  vibrates,  like  the  head  of  a  drum,  on 
receiving  sonorous  impulses  from  without. 
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The  membrane  of  the  tympanum,  accordingly,  which  is  an  elastic 
sheet,  stretched  across  the  passage  to  the  internal  ear,  may  be  made 
more  or  less  sensitive  to  sonorous  impressions  by  varying  its  con- 
dition of  tension  or  relaxation.  This  condition  is  regulated,  as  we 
have  already  seen,  by  the  combined  action  of  the  two  muscles  of 
the  middle  ear,  viz.,  the  tensor  tympani  and  the  stapedius.  The 
first  named  muscle,  the  action  of  which  is  perfectly  well  understood. 
is  supplied  with  nervous  filaments  from  the  otic  ganglion  of  the 
sympathetic.  By  its  contraction,  the  handle  of  the  malleus  is  drawn 
inward,  bringing  the  membrana  tympani  with  it,  and  putting  this 
membrane  upon  the  stretch.  On  the  relaxation  of  the  muscle,  the 
chain  of  bones  returns  to  its  ordinary  position,  by  the  elasticity  of 
the  neighboring  parts,  and  the  previous  condition  of  the  tympanic 
membrane  is  restored.  This  action,  so  far  as  we  can  judge,  is  purely 
involuntary.  But  the  stapedius  muscle  is  separately  supplied  by  a 
minute  branch  of  the  facial  nerve.  It  is  probable  that  this  arrange- 
ment enables  us  to  make  also  a  certain  degree  of  voluntary  exer- 
tion, in  listening  intently  for  faint  or  distant  sounds. 

In  all  these  instances,  the  reflex  action  taking  place  in  the 
deeper  seated  muscles,  originates  from  a  sensation  which  is  con- 
veyed inward  to  the  cerebro-spinal  centres,  and  is  then  transmitted 
outward  to  its  final  destination  through  the  medium  of  one  of  the 
sympathetic  ganglia. 

Influence  on  the  circulation.  —  Perhaps  the  most  important 
fact  concerning  the  sympathetic  is  that  of  its  influence  over 
the  vascularity  and  nutrition  of  the  parts  supplied  by  it. 
In  the  first  place,  the  division  of  the  sympathetic  produces 
immediately  a  vascular  congestion  in  the  corresponding  parts. 
If  the  sympathetic  be  divided,  in  the  rabbit,  in  the  middle  of  the 
neck,  a  vascular  congestion  of  all  parts  of  the  head,  on  the  corre- 
sponding side,  immediately  follows.  This  congestion  is  most  dis- 
tinctly evident  in  the  thin  and  transparent  ears :  and  within  a  few 
minutes  after  the  operation,  the  difference  in  their  appearance  on 
the  two  sides  is  strongly  pronounced.  All  the  vessels  of  the  ear 
on  the  affected  side  become  turgid  with  blood ;  and  many  whiclr 
were  before  imperceptible,  become  distinctly  visible.  This  effect 
of  the  division  of  the  sympathetic,  which  was  first  pointed  out  by 
Bernard,  we  have  oft;en  verified.  It  lasts  for  a  considerable  time 
and  we  have  even  seen  it  very  distinct  at  the  end  of  three  weeks. 
It  remains  for  a  longer  time  when  a  portion  of  the  nerve  has  been 
cut  out,  or  the  cervical  ganglion  extirpated,  than  when  its  filaments 
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have  been  simply  divided  by  a  transverse  section.  It  fiaally  & 
appears  whea  the  separated  filaments  have  been  re-united  and  ftjcir 
functional  activity  restored. 

The  vascular  congestion  thus  produced  by  division  of  ibo  ivia- 
pathetic  nerve  ia  accompanied  by  three  important  phenomena,  ill 
intimately  connected  with  each  other. 

First,  the  quantity  of  blood  circulating  in  the  part  is  inorcav;-!. 
and  the  rapidity  of  its  movement  accelerated.  The  bloo<iveii«:ij 
are  not  in  a  state  of  passive  congestion,  due  to  an  obstmction  to 
the  return  of  the  venous  blood.  On  the  contrary,  all  the  vc»:ls 
of  the  part  are  simultaneously  dilated,  a  larger  quantity  of  blood 
passes  through  the  capillaries  in  a  given  time,  and  returns  by 
veins  in  greater  abuudanoe  than  before. 

Secondly,  there  is  a  remarkable  elevation  of  temperature  tnthi 
aftl'ct^d  part.  This  elevation  at  temperature  is  very  perceptible 
the  touch  in  the  ear  of  the  rabbit  and  even  in  the  integument  of 
the  corresponding  side  of  the  head.  Measured  by  the  thermoTnetfr: 
it  has  boon  found  by  Bernard  to  reach,  in  some  cases,  >i'^  ord'"  F 
It  is  evidently  due  to  the  increased  quantity  of  blood  circuUki: 
in  the  vessels  of  the  part ;  since  the  blood  coming  from  the  inte-  -^^ 
rior  and  warmer  parts  of  the  body  supplies  the  ear  with  more  hof-^** 
in  prf>portion  to  the  greater  abundance  and  rapidity  with  which  if^^^ 
traverses  the  vascular  tissues. 

Thirdly,  the  color  of  the  venous  blood  in  the  affected  part  beconw^s^^* 
brighter  and  more  ruddy,     This  effect  is  also  due  to  the  incwjwL-^'  • 
rapidity  of  the  circulation.     As  the  arterial  blood  is  deprived 
its  oxygen  and  darkened  in  color  by  the  changes  of  nutritio 
which  usually  take  place  in  the  tissues,  if  the  rapidity  of  thocir""^^' 
culation  be  suddenly  increased,  a  certain  proportion  of  the  blooc^« 
escapes  deoxidation,  and  its  change  in  color,  from  arterial  toveoou^^S 
is  incomplete.     Tlie  blood  accordingly,  under  these  circumsunot^^ 
returns  by  the  veins  of  the  affected  part  in  greater  abundance  «►  •» 
a  higher  temperature,  and  of  a  more  ruddy  color,  than  on  the  ttc»- 
injurcd  side  of  the  body. 

Now  it  is  found  that,  when  a  vascular  congestion  of  the  pwt  h»* 
been  thus  produced  by  division  of  the  sympathetic,  if  that  portion  o' 
the  divided  nerve  which  remains  in  connection  with  the  tissues  be 
irritated  by  electricity,  all  the  above  effects  rapidly  disappear;  ihf 
bloodvessels  of  the  ear  and  corresponding  side  of  the  head  contraclto 
their  previous  diameter,  the  quantity  of  blood  circulating  lhro«gti 
the  tissues  is  diminished,  the  temperature  of  the  parts  is  reduoed 
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a  corresponding  degree,  and  the  blood  in  the  veins  returns  to 
i  ordinary  dark  color.  The  variations  in  the  rapidity  of  the  cir- 
"ilation  dependent  on  the  condition  of  the  sympathetic  nerve  are 
''owtt  by  Bernard  *  in  the  following  experiment.  In  a  living  rab- 
'H  the  upper  part  of  one  ear  is  cut  off  with  a  pair  of  very  sharp 
uissoTs,  so  that  the  blood  may  escape  in  jets  from  the  divided  ends 
""  the  small  arteries.  The  foroe  and  height  of  the  arterial  jets 
tving  been  observed,  the  sympathetic  nerve  is  then  divided  in 
5  middle  of  the  neck  on  the  corresponding  side.  Immediately 
>  blood  escapes  from  the  wounded  ear  in  greater  abundance,  and 
■  arterial  jets  rise  to  double  or  even  triple  their  former  height. 
B  ^Ivanic  current  is  then  applied  to  the  divided  extremity  of 

sympathetic,  above  the  point  of  section,  when  the  streams  of 
cx3  escaping  from  the  wound  gradually  diminish  and  disappear ; 
r  xecommence  and  again  increase  in  intensity  so  soon  as  the 
v-anization  of  the  nerve  is  suspended. 

t^tie  same  author  has  shown  that  a  similar  influence  is  exerted 
■fclie  sympathetic  nerve  upon  the  circulation  in  the  limbs.'    If 

lumbar  nerves  of  one  side  be  divided,  in  the  dog,  within  the 
"ity  of  the  spinal  canal,  a  paralysis  of  motion  and  sensibility  is 
<3.uced  in  the  corresponding  limb,  but  there  is  no  change  in  its 
onlarity  or  temperature ;  while  if  the  lumbar  portion  of  the 
[^pathetic  be  divided  or  excised,  without  disturbing  the  spinal 
"V-es,  all  the  signs  of  increased  temperature  and  activity  of  the 
^Vilation  are  at  once  manifested  in  the  limb  below,  without  any 

*  of  motion  or  sensibility.  Exsection  of  the  first  thoracic  gan- 
^H  of  the  sympathetic  produces  similar  effects  in  the  anterior 
■^cmity ;  and  these  effects  are  diminished  or  suspended  by  elec- 
^^  irritation  applied  to  the  upper  end  of  the  divided  nerve, 
■^vision  of  the  sympathetic  nerve,  accordingly,  produces  a  dila- 
*-on  of  the  vessels  and  consequent  increased  rapidity  of  the  circu- 
^«i^  and  causes  the  blood  to  retain  its  red  color  even  in  the  veins; 
^ile  galvanization  of  the  same  nerve  produces  contraction  of  the 
^aels,  diminishes  the  quantity  of  the  circulating  fluid,  and  causes 
^  change  in  color  of  the  blood,  from  arterial  to  venous. 

^e  same  thing  takes  place  in  the  glandular  organs.  If  the  sub- 
Glxillary  or  parotid  gland  be  exposed  in  the  living  animal,"  so 

'  Journal  de  la  Physiologie.    July,  1862,  p.  897. 
'  Joarnal  de  la  Phjsiologie,  loc.  cit.  x 

*  Bernard.    Le9ons  sur  les  Liquides  de  rOrganisme.    Paris,  1859,  rol.  i.  p.  290, 
•eq. 
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long  as  the  gland  is  in  its  ordinary  condition  it  will  be  seen  t 
blood  passing  through  it  is  converted  from  arterial  to  venoua^ 
returns  dark  colored  by  the  veins.  But  if  the  iilament  of  the  aj 
pathetic  nerve  which  accompanies  the  external  car.  '  '  ry 
divided,  the  quantity  of  blood  flowing  through  the  gl 
increased,  and  at  the  same  time  appears  of  a  red  color  in  the  reiia 
The  same  changes  occur  when  the  gland  is  excited  to  secretioD  bf 
stimulating  the  organs  of  taste. 

An  antagonism  appears  to  exist,  in  the  regulation  of  the  circul 
tion  in  the  vascular  organs,  between  the  sympathetic  nerve  aod  liw 
motor  filaments  derived  from  the  cerebrospinal  system.  Foriftbt 
branch  of  the  chorda  tympani  which  penetrates  the  submaxillAir 
gland  he  galvanized,  it  produces  an  excitement  of  the  gland 
secretion,*  increased  activity  of  the  circulation,  and  a  red  color 
the  blood  in  the  veins.  The  division  of  this  nerve  is  followed  by», 
contrary  result.  The  effects  produced,  therefore,  by  galraai 
of  the  chorda  tympani  are  those  produced  by  divnsion  of  the  t 
pathetic ;  and  the  effects  produced  by  galvanizing  the  sympaiLstiC 
are  those  which  follow  division  of  the  chorda  tympani. 

The  vascularity  of  the  parts,  accordingly,  as  well  as  the  fun 
activity  of  the  vascular  organs,  are  under  the  control  of  the  nei 
system.  The  filaments  of  the  sympathetic  nerve,  as  we  have  seco. 
accompany  everywhere  the  bloodvessels,  enveloping  the  arteriil 
branches  with  an  ahundant  plexus,  and  following  them  to  ibcir 
minutest  ramifications.  These  sympathetic  fibres  appear  to  act  bf, 
causing  a  contraction  in  the  organic  muscular  fibres  of  the  smafl 
arteries,  and  thus  to  regulate  the  resistance  of  these  vessels,  and  li« 
passage  of  the  blood  through  them.  When  the  sympathetic  nenr« 
excited,  the  vessels  are  contracted,  the  blood  passes  through 
but  slowly,  and  is  fully  converted,  during  its  passage,  into  venoci 
blood.  When  the  influence  of  this  nerve  is  diminished  or  su?- 
pended,  the  vessels  are  dilated,  the  circulation  is  increased,  isd  the 
blood,  passing  through  the  vessels  with  greater  rapidity,  does  n"i 
suifer  the  nutritive  changes  which  result  in  the  alteration  of  its  color 
firom  arterial  to  venous. 

Injluence  on  refiex  actions.  —  The  influence  of  the  sympatbetu 
nerve  and  the  consequences  of  its  division  upon  the  tbortck 
and  abdominal  viscera  have  been  only  very  imperfoctlr  ia- 
vestigated  by  experimental  methods.  It  undoubtodly  serves 
as  a  medium  of  reflex  action  between  the  sensitive  and  iMltf 
>  B«rDard.     Op.  oil.,  toI.  L  p.  812. 
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portions  of  the  digestive,  excretory,  and  generative  apparatuses ; 
and  it  is  certain  that  it  also  takes  part  in  reflex  actions  in  which 
the  cerebro-spinal  system  is  at  the  same  time  interested.  There 
are  accordingly  three  different  kinds  of  reflex  action,  taking  place 
wholly  or  partially  through  the  sympathetic  system,  which  may 
be  observed  to  occur  in  the  living  body. 

Ist.  Reflex  actions  taking  place  from  the  internal  organs,  through 
the  sympathetic  and  cerebrospinal  systems,  to  the  voluntary  miiscles  and 
sensitive  surfaces. — The  convulsions  of  young  children  are  often 
owing  to  the  irritation  of  undigested  food  in  the  intestinal  canal. 
Attacks  of  indigestion  are  also  known  to  produce  temporary  amau- 
rosis, double  vision,  strabismus,  and  even  hemiplegia.  Nausea,  and 
a  diminished  or  capricious  appetite,  are  often  prominent  symptoms 
of  early  pregnancy,  induced  by  the  peculiar  condition  of  the  uterine 
mucous  membrane.  , 

2d.  Reflex  actions  taking  place  from  tlk  sensitive  surfaces,  through 
the  cerebro-spinal  arid  sympathetic  systems,  to  the  involuntary  muscles 
and  secreting  organs. — Imprudent  exposure  of  the  integument  to 
cold  and  wet,  will  often  bring  on  a  diarrhoea.  Mental  and  moral 
impressions,  conveyed  through  the  special  senses,  will  affect  the 
motions  of  the  heart,  and  disturb  the  processes  of  digestion  and 
secrotion.  Terror,  or  an  absorbing  interest  of  any  kind,  will  pro- 
dace  a  dilatation  of  the  pupil,  and  communicate  in  this  way  a  pecu- 
liarly wild  and  unusual  expression  to  the  eye.  Disagreeable  sights 
or  odors,  or  even  unpleasant  occurrences,  are  capable  of  hastening 
or  arresting  the  menstrual  discharge,  or  of  inducing  premature 
delivery. 

3d.  Reflex  actions  taking  place,  through  the  sympathetic  system,  from 
one  part  of  the  internal  organs  to  another. — The  contact  of  food  with 
the  mucous  membrane  of  the  small  intestine  excites  a  peristaltic 
movement  in  the  muscular  coat.  The  mutual  action  of  the  diges- 
tive, urinary  and  internal  generative  organs  upon  each  other  takes 
place  through  the  medium  of  the  sympathetic  ganglia  and  their 
nerves.  The  variations  of  the  capillary  circulation  in  different 
abdominal  viscera,  corresponding  witli  the  state  of  activity  or  re- 
pose of  their  associated  organs,  are  to  be  referred  to  a  similar  nerv- 
ous influence.  These  phenomena  are  not  accompanied  by  any 
consciousness  on  the  part  of  the  individual,  nor  by  any  apparent 
intervention  of  the  cerebro-spinal  system. 


SECTION  III. 
REPEODUCTION. 


CHAPTER    I. 


ON  THE  NATURE   OF   REPRODUCTION,   AND  THE 
ORIGIN   OF    PLANTS   AND   ANIMALS. 

The  process  of  reproduction  is  the  most  characteristic,  and  in 
many  respects  the  most  interesting,  of  all  the  phenomena  presented 
"by  organized  bodies.  It  includes  the  whole  history  of  the  changes 
taking  place  in  the  organs  and  functions  of  the  individual  at  suc- 
-oessive  periods  of  life,  as  well  as  the  production,  growth,  and  de- 
velopment of  the  new  germs  which  make  their  appearance  by 
generation. 

For  all  organized  bodies  pass  through  certain  well-defined  epochs 
or  phases  of  development,  by  which  their  structure  and  functions 
undergo  successive  alterations.  We  have  already  seen  that  the 
liying  animal  or  plant  is  distinguished  from  inanimate  substances 
by  the  incessant  changes  of  nutrition  and  growth  which  take  place 
in  its  tissues.  The  muscles  and  the  mucous  membranes,  the  osse- 
ous and  cartilaginous  tissues,  the  secreting  and  circulatory  organs, 
all  incessantly  absorb  oxygen  and  nutritious  material  from  with- 
otat,  and  assimilate  their  molecules;  while  new  substances,  produced 
by  a  retrogressive  alteration  and  decomposition,  are  at  the  same 
time  excreted  and  discharged.  These  nutritive  changes  correspond 
in  rapidity  with  the  activity  of  the  other  vital  phenomena ;  since 
the  production  of  these  phenomena,  and  the  very  existence  of  the 
vital  functions,  depend  upon  the  regular  and  normal  continuance 
of  the  nutritive  process.  Thus  the  organs  and  tissues,  which  are 
always  the  seat  of  this  double  change  of  renovation  and  decay. 
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retain  nevertheless  their  original  constitution,  and  oontioue  to  be 
capable  of  exhibiting  the  vital  phenomena. 

The  above  changes,  however,  are  not  in  reality  the  only  ana 
which  take  place.  For  although  the  structure  of  the  bcKlr  ami  Uie 
cornposiiiou  of  its  constituent  parts  appear  to  be  maintained  in  aa 
unaltered  condition,  by  the  nutritive  process,  from  one  mooeot  to 
another,  or  from  day  to  day,  yet  a  comparative  examination  uf 
thcra  at  greater  intervals  of  time  will  show  that  this  is  D<>1  pre 
cisely  the  case ;  but  that  the  changes  of  nutrition  are,  in  point  ^f 
fact,  progressive  as  well  as  momentary.  The  composition  anil  prtv 
perties  of  the  skeleton,  for  example,  are  not  the  same  at  the  ftge<x 
twenty-five  that  they  were  at  fifteen.  At  the  later  |K3riod  it  coo- 
taius  more  calcareous  and  less  organic  matter  than  before;  and  ite 
solidity  is  accordingly  increased,  while  its  ela.stieity  is  diminiRb^ 
Even  the  anatomy  of  the  bones  alters  in  an  equally  gradual  manner; 
the  medullary  cavities  enlarging  with  the  progress  of  growth,  aaJ 
the  cancellated  tissue  becoming  more  open  and  spongy  in  textw*. 
We  have  already  noticed  the  difference  in  the  quantity  of  oxvr*?) 
and  carbonic  acid  inspired  and  exhaled  at  difterent  ages.  Tin- 
muscles,  also,  if  examined  after  the  lapse  of  some  years,  are  fannd 
to  be  less  irritable  than  formerly,  owing  to  a  slow  but  steady  and 
permanent  delation  in  their  intimate  constitution. 

The  vital  properties  of  the  organs,  therefore,  change  with  lb<»r 
varying  structure;  and  a  time  comes  at  Inst  when  they  arc  per- 
ceptibly less  capable  of  performing  their  original  funciioiw  ihao^ 
l>efore.     This  alteration,  being  dependent  on  the  Tarying  activit 
of  the  nutritive  process,  continues  necessarily  to  increase.  T%fti 
exercise  of  the  vital  powers  is  inseparably  connected  with  tke  i 
sequent  alteration  of  the  organs  employed  in  them ;  and  the  fonO'l 
tions  of  life,  therefore,  instead  of  remaining  indefinitely  the  kuim^ ] 
pass  through  a  scries  of  successive  changes,  which  finally  tcnninite 
in  their  complete  ce^ssation. 

The  history  of  a  living  animal  or  plant  is,  therefore,  a  ttstory 
successive  epochs  or  pluises  of  existence,  in  each  of  which  the  stroll 
ture  and  functions  of  the  body  difi'er  more  or  less  from  ihoae 
every  other.    Every  living  being  has  a  definite  term  of  life,  tbrongl 
which  it  passes  by  the  operation  of  an  invariable  law,  and  wbu-l 
at  some  regularly  appointed  time,  comes  to  an  end.     TIk*  planti 
germinates,  grows,  blossoms,  bears  fruit,  withers,  and  decays.    ThtS 
animal  is  born,  nourished,  and  brought  to  maturity,  after  whicli  bf 
retrogrades  and  dies.     The  very  commencement  of  existcooe,  bj 
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leading  through  its  successive  intermediate  stages,  conducts  at  last 
necessarily  to  its  own  termination. 

But  while  individual  organisms  are  thus  constantly  perishing  and 
disappearing  from  the  stage,  the  particular  kind,  or  species,  remains 
in  existence,  apparently  without  any  important  change  in  the  cha 
racter  or  appearance  of  the  organized  forms  belonging  to  it.  The 
horse  and  the  ox,  the  oak  and  the  pine,  the  different  kinds  of  wild 
and  domesticated  animals,  even  the  different  races  of  man  himself, 
have  remained  without  any  essential  alteration  ever  since  the  earliest 
historical  epochs.  Yet  during  this  period  innumerable  individuals, 
belonging  to  each  species  or  race,  must  have  lived  through  their 
natural  term  and  successively  passed  out  of  existence.  A  species 
may  therefore  be  regarded  as  a  type  or  class  of  organized  beings,  in 
which  the  particular  forms  or  structures  composing  it  die  off  con- 
stantly and  disappear,  but  which  nevertheless  repeats  itself  from 
jear  to  year,  and  maintains  its  ranks  constantly  full  by  the  regular 
aocession  of  new  individuals.  This  process,  by  which  new  organ- 
isma  make  their  appearance,  to  take  the  place  of  those  which  are 
destroyed,  is  known  as  the  process  of  reproduction  or  generate.  Let 
us  now  see  in  what  manner  it  is  accomplished. 

It  has  always  been  known  that,  as  a  general  rule  in  the  process 
of  generation,  the  young  animals  or  plants  are  produced  directly 
from  the  bodies  of  the  elder.  The  relation  between  the  two  is  that 
of  parents  and  progeny ;  and  the  new  organisms,  thus  generated, 
become  in  turn  the  parents  of  others  which  succeed  them.  For  this 
reason,  wherever  such  plants  or  animals  exist,  they  indicate  the 
previous  existence  of  others  belonging  to  the  same  species ;  and  if 
by  any  accident  the  whole  species  should  be  destroyed  in  any  par- 
ticular locality,  no  new  individuals  could  be  produced  there,  unless 
by  the  previous  importation  of  others  of  the  same  kind. 

The  commonest  observation  shows  this  to  be  true  in  regard  to 
those  animals  and  plants  with  whose  history  we  are  most  familiarly 
acquainted.  An  opinion,  however,  has  sometimes  been  maintained 
that  there  are  exceptions  to  this  rule ;  and  that  living  beings  may, 
under  certain  circumstances,  be  produced  from  inanimate  substances, 
without  any  similar  plants  or  animals  having  preceded  them; 
presenting,  accordingly,  the  singular  phenomenon  of  a  progeny 
without  parents.  Such  a  production  of  organized  bodies  is  known 
by  the  name  of  spontaneous  generation.  It  is  believed  by  the  majority 
of  physiologists  at  the  present  day  that  no  such  spontaneous  gen- 
eration ever  takes  place;  but  that  plants  and  animals  arc  always 
86 
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derived,  by  direct  reproduction,  from  previously  existing  parenu 
of  the  same  species.  As  tbia,  however,  is  a  question  of  some  im- 
portance, and  one  which  has  been  frequently  discussed  in  works  oo 
physiology,  we  shall  proceed  !<}  pass  in  review  the  facta  whidi  kin 
been  adduced  in  favor  of  the  occurrence  of  spontaneooa  geoention. 
as  well  as  those  which  would  lead  to  its  disproval  and  rejection. 

It  is  evident,  in  the  first  place,  that  many  apparent  iDstADOMoT 
spontaneous  generation  are  found  to  be  of  a  very  different  chandir 
ns  soon  as  they  are  subjected  to  a  critical  examination.  Thus  gns- 
hoppers  and  beetles,  earthworms  and  crayfish,  the  swarms  of  minala 
insects  that  fill  the  air  over  the  surface  of  stagnant  pools,  andereo 
frogs,  moles,  and  lizards,  have  been  supjxwed  in  former  times  to  be 
generated  directly  from  the  earth  or  the  atmosphere;  and  it  w«s 
only  by  investigating  carefully  the  natural  history  of  these  aninul* 
that  they  were  ascertained  to  be  produced  in  the  ordinary  manner 
by  generation  from  parents,  and  were  found  to  continue  the  repro- 
duction  of  their  species  in  the  same  way.  A  still  more  gtrildi^ 
instance  is  furnished  by  the  production  of  maggots  in  putrefjii^ 
meat,  vegetables,  fiour  paste,  fermenting  dung,  kc  If  a  piece  of 
meat  be  exposed,  for  example,  and  allowed  to  undergo  the  prooeas 
of  putrefaction,  at  the  end  of  a  few  days  it  will  be  found  to  contabi 
a  multitude  of  living  maggots  which  feed  u|x)n  the  decomposing 
flesh.  Now  these  maggots  are  always  produced  under  the  sauM 
conditions  of  warmth,  moisture  and  exposure,  and  at  the  same  stage 
of  the  putrefactive  proces,9.  They  are  never  to  be  found  in  frab 
meat,  nor,  in  fact,  in  any  other  situation  than  the  one  jnst  mentioaeiL 
They  appear,  consequently,  without  any  similar  individuals  bani^ 
existed  in  the  same  locality ;  and  considering  the  regularity  of  tlidr 
appearance  under  the  given  conditions,  and  their  absence  elsewboc; 
it  has  been  believed  that  they  were  spontaneously  generated,  ander 
the  influence  of  warmth,  moisture,  and  the  atmosphere,  from  tha 
decaying  organic  substances. 

A  little  examination,  however,  discovers  a  very  simple  solution 
of  the  foregoing  dilRculty.  On  watching  the  exposed  animal  or 
vegetable  substances  during  the  earlier  periods  of  their  decompo- 
sition, it  is  found  that  certain  species  of  Hies,  attracted  by  the  odor 
of  the  decaying  material,  hover  round  it  and  deposit  their  egp 
upon  its  surface  or  in  its  interior.  These  eggs,  hatched  by  tta 
warmth  to  which  they  are  exposed,  produce  the  maggots;  which 
are  simply  the  young  of  the  winged  insects,  and  which  after  a  tinM 
become  transformed,  by  the  natural  progress  of  duvclopmenl. 
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perfect  insects  similar  to  their  parents.  The  difficulty  of  account- 
ing for  the  presence  of  the  maggots  by  generation,  therefore,  de- 
pended simply  on  the  difference  in  appearance  between  them  and 
their  parents.  This  difference,  however,  is  merely  a  temporary  one, 
corresponding  with  the  difference  in  age,  and  disappears  when  the 
development  of  the  animal  is  complete;  just  as  the  young  chicken, 
when  recently  hatched,  has  a  different  form  and  plumage  from  those 
which  it  presents  in  the  adult  condition. 

Nearly  all  the  causes  of  error,  in  fact,  which  have  suggested  at 
various  times  the  doctrine  of  spontaneous  generation,  have  been 
derived  from  these  two  sources.  First,  the  ready  transportation 
ci  eggs  or  germs,  and  their  rapid  hatching  under  favorable  cir- 
uunstances ;  and  secondly,  the  different  appearances  presented  by 
the  same  animal  at  different  ages,  in  consequence  of  which  the 
youthful  animal  may  be  mistaken,  by  an  ignorant  observer,  for  a 
di£ferent  species.  These  sources  of  error  are,  however,  so  readily 
detected,  as  a  general  fxxle,  by  scientific  investigation,  that  it  is 
hardly  necessary  to  point  out  the  particular  instances  in  which  they 
exist  In  fact,  whenever  a  rare  or  comparatively  unknown  animal 
or  plant  has  been  at  any  time  supposed  to  be  produced  by  sponta- 
neoas  generation,  it  has  only  been  necessary,  for  the  most  part,  to 
investigate  thoroughly  its  habits  and  functions,  to  discover  its  secret 
methods  of  propagation,  and  to  show  that  they  correspond,  in  all 
essential  particulars,  with  the  ordinary  laws  of  reproduction.  The 
limitSy  therefore,  within  which  the  doctrine  of  spontaneous  generar 
tion  can  be  applied,  have  been  narrowed  in  precisely  the  same 
degree  that  the  study  of  natural  history  and  comparative  physiology 
has  advanced.  At  present,  indeed,  there  remain  but  two  classes 
of  phenomena  which  are  ever  supposed  to  lend  any  support  to  the 
above  doctrine ;  viz.,  the  existence  and  production,  1st,  of  infuso- 
rial animalcules,  and  2d,  of  animal  and  vegetable  parasites.  We 
shall  now  proceed  to  examine  these  two  parts  of  the  subject  in 
succession. 

Ikfubobial  Animalcules. — ^If  water,  holding  in  solution  or- 
gjpiic  substances,  be  exposed  to  the  contact  of  the  atmosphere  at 
ordinary  temperatures,  it  is  found  after  a  short  time  to  be  filled 
with  swarms  of  minute  living  organisms,  which  are  visible  only  by 
the  microscope.  The  forms  of  these  microscopic  animalcules  are 
exceedingly  varied ;  owing  either  to  the  great  number  of  species 
in  existence,  or  to  their  rapid  alteration  during  the  successive  pe- 
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rioda  of  their  growth.     Ehreaberg  has  described  more  tfaaa' 
different  varieties  of  them.    They  are  generally  provided  with  < 
attached  to  the  exterioT  of  their  bodies,  and  are,  for  the  most  part 
in  constant   and   rapid   motion   in  the  Quid  which  they  inhablL 

Owing  to  their  presence  in 
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animal  and  vegetable  watery 
infusions,  they  have  recdred 
the  name  of  "  infusoria,'*  of 
"  infusorial  animalcules." 

Now  these  infusoria  are 
always  produced  under  the 
conditions  which  we  hare  de» 
scribed  above.  The  animal 
or  vegetable  substance  oatd 
for  the  infusion  may  be  pi* 
viously  baked  or  boiled,  soM 
as  to  destroy  all  living  germs 
which  it  might  accidentallj 
contain;  the  water  in  which 
it  is  infused  may  be  carefallf 
distilled,  and  thus  freed  from  all  .similar  contamination;  and  yet  tj 
infusorial  animalcules  will  make  their  appearance  at  the  nsaal 
and  in  the  usual  abundance.  It  is  only  recjuisite  that  the  infuaoo 
be  exposed  to  a  moderately  elevated  temperature,  and  to  the  aooea 
of  atmospheric  air;  conditions  which  are  equally  necessnnr  lb 
maintaining  the  life  of  all  animal  and  vegetable  organisms,  whaV 
ever  be  the  source  from  which  they  are  derived.  Under  the  ahore 
circumstances,  therefore,  either  the  animalcules  must  have  been 
produced  by  spontaneous  generation  in  the  watery  infusion,  or  ibeif 
germs  must  have  been  introduced  into  it  through  the  roediam  of 
the  atmosphere.  No  such  introduction  has  ever  been  directly^ 
monstrated,  nor  have  even  any  eggs  or  germs  belonging  to  the  , 
infusoria  ever  been  detected.  ^^^| 

Nevertheless,  there  is  every  probability  that  the  inftjsoriti^^ 
produced  from  germs,  and  not  by  spontaneous  generation.  SiiK* 
the  infusoria  themselves  are  microscopic  in  size,  it  is  not  surprisiig 
that  their  eggs,  which  must  be  smaller  still,  should  have  escajwl 
observation.  We  know,  too,  that  in  many  instances  the  minoM 
germs  of  animals  or  plants  may  be  wafted  about  in  a  dry  slate  bf 
the  atmosphere,  until,  by  accidentally  coming  in  contact  with  warmth 
and  moisture,  they  become  developed  and  bring  forth  living  organ- 
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iflms.  The  eggs  of  the  infusoria,  accordingly,  may  be  easily  raised 
and  held  suspended  in  the  atmosphere,  under  the  form  of  minute 
dust-like  particles,  ready  to  germinate  and  become  developed  when- 
ever they  are  caught  by  the  surface  of  a  stagnant  pool,  or  of  any 
artificially  prepared  infusion.  In  point  of  fact,  the  atmosphere 
does  really  contain  an  abundance  of  such  dust-like  particles,  even 
"when  it  appears  to  be  most  transparent  and  free  from  impurities. 
This  may  be  readily  demonstrated  by  admitting  a  single  beam  of 
Bunshine  into  a  darkened  apartment,  when  the  shining  particles  sus- 
pended in  the  atmosphere  become  immediately  visible  in  the  track 
of  the  sunbeam.  Again,  if  a  perfectly  clean  and  polished  mirror 
be  placed  with  its  face  upward  in  a  securely  closed  room,  and  left 
undisturbed  for  several  days,  its  surface  at  the  end  of  that  time  will 
be  found  to  be  dimmed  by  the  settling  upon  it  of  minute  dust, 
deposited  from  the  atmosphere.  There  is  no  reason,  therefore,  for 
disbelieving  that  the  air  may  always  contain  a  sufficient  number  of 
Oirganic  germs  for  the  production  of  infusorial  animalcules. 

A  certain  degree  of  doubt,  however,  still  remains  respecting  the 
origin  of  some  kinds  of  infusoria,  owing  to  the  fact  that  they  will 
make  their  appearance,  under  some  circumstances,  in  organic  infu 
sons  which  have  been  subjected  to  a  boiling  temperature  and  after- 
ward kept  in  hermetically  closed  vessels.  The  most  recent  and 
perhaps  the  most  satisfactory  experiments  of  this  kind  are  those  of 
Frofl  Jeffries  Wyman,*  who  operated  with  infusions  of  both  animal 
and  vegetable  substances.  He  boiled  these  infusions  undei  the 
ordinary  pressure  of  the  atmosphere,  that  is,  at  a  temperature  of 
212°  F.,  for  periods  varying  from  fifteen  minutes  to  two  hours,  in 
glass  vessels  so  arranged  that  the  atmospheric  air  could  only  gain 
access  to  their  interior  through  tubes  filled  with  red-hot  iron  wire. 
Any  genns  passing  into  the  solution  with  the  atmosphere  would 
nndoubtedly,  therefore,  be  destroyed  by  contact  with  the  heated 
iron.  Nevertheless,  he  found,  after  some  days,  that  living  infusoria 
had  made  their  appearance  in  the  solutions.  In  other  instances  he 
placed  the  fresh  solutions  in  hermetically  sealed  glass  vessels,  which 
were  then  submerged,  for  from  five  to  fifteen  minutes,  in  boiling 
water  under  a  pressure  of  two  to  five  atmospheres,  that  is,  at  a  tem- 
perature of  260°  to  307°  F. 

In  none  of  these  experiments  did  the  infusoria  appear  as  soon  aM 
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in  similar  infuaions  exposed  to  the  air;  and  although  simp 
iiig  for  a  short  time  does  not  prevent  the  subsequent  appearanr^  of 
living  organisms,  yet  a  prolonged  boiling  at  the  ordinary  tempen* 
ture,  or  a  short  boiling  at  unusually  high  temperatures,  does  so  pre- 
vent it.  According  to  Prof.  Wyman,  the  appearance  of  infiworial 
life  is  absolutely  prevented  by  exposure  of  the  organic  solulioa  lo 
ordinary  boiling  for  five  houra,  or  to  boiling  for  fiAeeo  minQta 
under  a  pressure  of  five  atmospheres. 

The  only  difficulty,  therefore,  in  supposing  the  infusoria  which 
appear  in  these  cases  to  be  produced  from  previously  existing 
germs,  is  that  we  must  attribute  to  these  germs  the  power  of  with- 
standing, for  a  certain  time,  a  temperature  at  and  above  thatrf' 
boiling  water.  This  is  not  an  impossible  supposition,  for  two  fBi- 
sons.  First,  because  this  power  is  limited,  as  we  have  seen,  even 
for  these  infusoria;  which  do  not  appear  in  a  solution  which  hta 
once  been  boiled  for  a  long  time,  or  at  a  very  high  temperatui^ 
even  though  it  be  kept  afterward  at  the  ordinary  temperature  d 
the  air.  Secondly,  because  we  know  already  that  certain  speci«8 
of  plants  and  animals  will  easily  withstand  an  elevated  temperatoTS 
which  is  fatal  to  others.  The  amphibious  reptiles,  for  example, 
are  easily  killed  by  being  confined  in  water  at  100°  F.,  which  is  \ht 
natural  temperature  of  the  warm-blogded  animals.  Because  the 
temperature  of  boiling  water,  therefore,  is. fatal  to  the  germs  of 
many  kinds  of  animals,  we  cannot  be  sure  that  it  is  necessarily  fittl 
to  those  of  all.  Dr.  S.  Weir  Mitchell '  has  even  found  that  vibriona* 
the  infusoria  which  most  frequently  appear  in  boiled  organic  sola- 
tions,  will  also  grow  and  thrive  in  the  venom  of  the  rattlesiuike^ 
when  beginning  to  putrefy,  and  when  it  is  still  a  deadly  poLson  to 
all  the  higher  animals. 

It  is  tiierefore  probable  that  the  infusoria  of  organic  solutioDiiire 
produced  from  germs  which  have  the  power  of  withstanding,  to  i 
certain  degree,  the  action  of  a  high  temperature. 
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Animal  and  Vegetable  Pabasites. — This  very  remarkable  I 
group  of  organized  bodies  is  distinguished  by  the  fact  that  thcf 
live  either  upon  the  surface  or  in  the  interior  of  other  animal  or 
vegetable  organisms.    Thus,  the  mistletoe  fixes  itself  on  the  br&nobe> 
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of  aged  trees;  the  Oidium  albicans  vegetates  upon  the  mucoos  Bur> 
iaces  of  the  mouth  and  pharynx ;  the  Botrytis  Basaiana  attacks  the 
body  of  the  silkworm,  and  plants  itself  in  its  tissues ;  while  many 
i^>ecie8  of  trematoid  worms  live  attached  to  the  gills  of  fish  and  of 
'water-lizards. 

These  parasites  are  usually  nourished  by  the  fluids  of  the  animal 
wfaoBe  body  they  inhabit  Each  particular  species  of  parasite  is 
found  to  inhabit  the  body  of  a  particular  species  of  animal,  and  is 
not  found  elsewhere.  They  are  met  with,  moreover,  as  a  general 
mle^  only  in  particular  organs,  or  even  in  particular  parts  of  a 
single  organ.  Thus  the  Tricocephalus  dispar  is  found  only  in  the 
caacum;  the  Strongylus  gigas  in  the  kidney;  the  Distoma  hepati- 
cam  in  the  biliary  passages.  The  Distoma  variegatum  is  foand 
only  in  the  lungs  of  the  green  frog,  the  Distoma  cylindraceum  in 
those  of  the  brown.  The  Taenia  solium  is  found  in  the  intestine  of 
the  human  subject  in  certain  parts  of  Europe,  while  the  Bothrio* 
eephalus  latus  occurs  exclusively  in  others.  It  appears,  therefore, 
te  if  some  local  combination  of  conditions  were  necessary  to  the 
production  of  these  parasites ;  and  they  have  been  supposed,  accord- 
ingly, to  originate  by  spontaneous  generation  in  the  localities  where 
they  are  exclusively  known  to  exist. 

A  little  consideration  will  show,  however,  that  the  above  condi- 
tions are  not,  properly  speaking,  necessary  or  sufficient  for  the 
production,  but  only  for  the  devehpment  of  these  parasites.  All  the 
parasites  mentioned  above  reproduce  their  species  by  generation. 
They  have  male  and  female  organs,  and  produce  fertile  eggs,  often  . 
in  great  abundance.  The  eggs  contained  in  a  single  female  Ascaris 
are  to  be  counted  by  thousands ;  and  in  a  tapeworm,  it  is  said,  even 
by  millions.  Now  these  eggs,  in  order  that  they  may  be  hatched 
and  produce  new  individuals,  require  certain  special  conditions 
which  are  favorable  for  their  development;  in  the  same  manner 
as  the  seeds  of  plants  require,  for  their  germination  and  growth,  a 
certain  kind  of  soil  and  a  certain  supply  of  warmth  and  moisture. 
It  is  accordingly  no  more  surprising  that  the  Oxyuris  vermicularis 
should  inhabit  the  rectum,  and  the  Ascaris  lumbricoides  the  ileum, 
than  that  the  Lobelia  inflata  should  grow  only  in  dry  pastures,  and 
the  Lobelia  cardinalis  by  the  side  of  running  brooks.  The  lichens 
flourish  on  the  exposed  surfaces  of  rocks  and  stone  walls ;  while 
the  fungi  vegetate  in  darkness  and  moisture,  on  the  decaying  trunks 
of  dead  trees.  Yet  no  one  imagines  these  vegetables  to  be  spon- 
taneously generated  from  the  soil  which  they  inhabit    The  truth 
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is  simply  this,  that  if  the  animal  or  vegetable  germ  be  deposii 
a  Sooality  which  aftbrds  the  requisite  conditions  for  its  developoMat 
it  becomes  developed ;  otherwise  not  Each  female  Ascaris  pro- 
duces, as  we  have  said,  many  thousands  of  ova.  Now,  though  tJM 
chances  are  very  great  against  any  particular  one  of  these  on 
being  accidentally  transported  into  the  intestinal  canal  of  another 
individual,  it  is  easy  to  see  that  there  are  many  causes  in  open- 
tion  by  which  some  of  them  might  be  so  transported.  By  far  Cut 
greater  number  undoubtedly  perish,  from  not  meeting  with  tb« 
conditions  necessary  for  their  development.  One  in  a  thousand,  or 
perhaps  one  in  a  million,  is  accidentally  introduced  into  the  bodj 
of  another  individual,  and  consequently  becomes  developed  there 
into  a  perfect  Ascaris. 

The  circumstance,  therefore,  that  particular  parasites  are  confioed 
to  particular  localities,  presents  no  greater  difficulty  as  to  tbdr 
mode  of  reproduction,  than  tlie  same  fact  regarding  other  animal 
aiid  vegetable  organisms. 

Neither  is  there  any  difficulty  in  accounting  for  the  introductjon 
of  parasitic  germs  into  the  interior  of  the  body.  The  air  and  the 
food  offer  a  ready  means  of  entrance  into  the  respiratory  and 
digestive  passages ;  and,  a  parasite  once  introduced  into  the  inlea- 
tine,  there  is  no  difficulty  in  accounting  for  its  presence  in  any  of 
the  ducts  leading  from  or  opening  into  the  alimentary  canal.  Sotab 
parasites  are  known  to  insinuate  themselves  directly  undemeith 
the  surface  of  the  skin ;  as  the  Fulex  penetrans  or  '*  chiggo"  of 
South  America,  and  the  Ixodes  Americanus  or  "  tick,"  Others 
like  the  (Estrua  bovis,  penetrate  the  integument  for  the  purpose  of 
depositing  their  eggs  in  the  subcutaneous  areolar  tissue.  Sotno 
may  even  gain  an  entrance  into  the  bloodvessels,  and  circolate  ia 
this  way  all  over  the  body.  Thus  the  Filaria  rubella  is  fomid  alhre 
in  the  bloodvessels  of  the  frog,  the  Distoma  hsomatobium  in  those 
of  the  human  subject,  and  a  species  of  Spiroptera  in  those  of  l3b» 
dog.  It  is  easy  to  see,  therefore,  how,  by  such  meana^  panstie 
germs  may  be  conveyed  to  any  part  of  the  body ;  and  may  evea  lie 
deposited,  by  accidental  arrest  of  the  circulation,  in  the  subettact 
of  the  solid  organs. 

The  most  serious  difficulty,  however,  in  the  way  of  accoa 
for  the  production  of  parasitic  organisms,  was  that  presented  by 
existence  of  a  class  known  as  the  encysted  or  sexless  eutozoa,  Theae 
parasites  for  the  most  part  occupy  the  interior  of  the  solid  orgaiM 
and  tissues,  into  which  they  could  not  have  gained  access  by  the 
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mucous  canals.  Thus  the  Ccenurus  cerebralis  is  found  imbedded 
in  the  substance  of  the  brafn,the  Trichina  spiralis  in  the  voluntary 
muscles,  and  the  Cysticercus  cellulosae  in  the  areolar  tissue  of  va- 
rious parts  of  the  body.  They  are  also  distinguished  from  all 
other  parasites  by  two  peculiar  characters.  First,  they  are  enclosed 
in  a  distinct  cyst,  with  which  they  have  no  organic  connection  and 
from  "which  they  may  be  read- 
ily separated ;  and  secondly,  Fif .  180, 
their  generative  organs  are 
-either  imperfectly  developed 
or  altogether  wanting.  The 
Trichina  spiralis,  for  example, 
(Fig.  180,)  is  enclosed  in  an 
ovoid  cyst,  composed  of  an 
organic  material  deposited  in 
concentric  layers;  the  whole 
enveloped  in  a  membranous 

or  tubular  prolongation  tapering  from  the  two  extremities.  The 
worm  lies  loose  in  the  central  cavity  of  the  cyst,  coiled  up  in  a 
spiral  form. 

Now  we  have  seen  that  it  ia  easy  to  account  for  the  conveyance 
of  these  or  any  other  parasites  into  the  interior  of  vascular  organs 
and  tissues ;  the  eggs  from  which  they  are  produced  being  trans- 
ported by  the  bloodvessels  to  any  part  of  the  body,  and  there  re- 
tained by  a  local  arrest  of  the  capillary  circulation.  In  the  case  of 
the  encysted  entozoa,  however,  we  have  a  much  greater  difficulty; 
since  many  of  these  parasites  are  entirely  without  sexual  organs  or 
generative  apparatus  of  any  sort,  nor  have  they  ever  been  dis- 
covered in  the  act  of  producing  eggs,  or  of  developing  in  any 
manner  a  progeny  similar  to  themselves.  It  appears,  accordingly, 
difficult  to  understand  how  animals,  which  are  without  a  sexual 
apparatus,  should  have  been  produced  by  sexual  generation.  As 
it  is  certain  that  they  can  have  no  progeny,  it  would  seem  equally 
evident  that  they  must  have  been  produced  without  a  parentage. 

This  tliificulty,  however,  serious  as  it  at  first  appears,  is  susceptible 
of  a  very  simple  explanation.  The  case  is  in  many  respects  analogous 
to  that  of  the  maggots,  hatched  from  the  eggs  of  flies  in  putrefying 
meat.  These  maggots  are  also  without  sexual  organs;  for  they 
are  still  imperfectly  developed,  and  in  a  kind  of  embryonic  condi- 
tion. It  is  only  after  their  metamorphosis  into  perfect  insects,  that 
generative  organs  are  developed   and  a  distinction  between  the 
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sexes  manifests  itself.  This  is,  indeed,  more  or  less  the  caae  with 
all  animals  and  with  all  vegetables.  The  blossom,  which  is  the 
sexual  apparatus  of  the  plant,  does  not  appear,  as  a  general  ruk^ 
until  the  growth  of  the  vegetable  has  continued  for  a  certain  lim«v 
and  it  has  acquired  a  certain  age  and  strength.  Even  in  the  l«um:in 
subject  the  sexual  organs,  though  present  at  birth,  are  still  verr 
imperfectly  developed  as  to  size,  and  altogether  inactive  in  func-  m 
tion.  It  is  only  later  that  these  organs  acquire  their  fall  growth,  ■ 
and  the  sexual  characters  become  complete.  In  very  xnaay  of  the 
lower  animals  the  sexual  organs  are  entirelr 
absent  at  birth,  and  appear  only  at  a  later 
period  of  development. 

Now  the  encysted  or  sexless  entozoA  tre 
simply  the  undeveloped  young  of  other  paiv 
sites  which  propagate  by  sexual  generution; 
the  raembrane  in  which  they  are  incloeod 
being  either  an  embryonic  envelope,  or  eln 
an  adventitious  cyst  formed  round  the  pui- 
sitic  embryo.  These  embryos  have  come,  in 
the  natural  course  of  their  migrations,  into 
a  situation  which  is  not  suitable  for  their  oom- 
plete  development.  Their  developmeot  is 
accordingly  arrested  at  that  point;  and  the 
parasite  never  reaches  the  adult  condition, 
until  removed  from  the  situation  in  which  it 
has  been  placed,  and  transported  to  another 
locality. 

The  above  explanation  htm  been  demoa- 
stratcd  to  be  the  true  one,  more  partieularij 
with  regard  to  the  Tsenia,  or  tapeworm,  Mul 
several  varieties  of  Cysticercus.  The  TWnia 
(Fig.  181)  is  a  parasite  of  which  different  spedea 
are  found  in  the  intestine  of  the  human  subject, 
the  dog,  cat,  fox,  and  other  of  the  lower  animala 
Its  upper  extremity,  termed  the  "  head,**  con- 
sists of  a  nearly  globular  maea,  presenting  upon 
its  lateral  surfaces  a  set  of  four  muscular  disks,  or  "suckers,"  and 
terminating  anteriorly  in  a  conical  projection  which  is  provided 
with  a  crown  of  curved  processes  or  hooks,  by  which  the  parasite 
attaches  itself  to  the  intestinal  mucous  membrane.  To  this  "  bead'* 
succeeds  a  slender  ribbon-shaped  neck,  which  is  at  first  smooth. 
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Which  Boon  becomes  transversely  wrinkled,  and  afterward  divided 
into  distinct  rectangular  pieces  or  "articulations."  These  articula- 
lions  multiply  by  a  process  of  successive  growth  or  budding,  from 
the  wrinkled  portion  of  the  neck ;  and  are  constantly  removed  further 
and  farther  from  their  point  of  origin  by  new  ones  formed  behind 
them.  As  they  gradually  descend,  by  the  process  of  growth, 
farther  down  the  body  of  the  tapeworm,  they  become  larger  and 
begin  to  exhibit  a  sexual  apparatus,  developed  in  their  interior. 
In  each  fully  formed  articulation  there  are  contained  both  male 
and  female  organs  of  generation ;  and  the  mature  eggs,  which  are 
produced  in  great  numbers,  are  thrown  off  together  with  the  articu- 
lation itself  from  the  lower  extremity  of  the  tapeworm.  Since  tho 
articulations  are  successively  produced,  as  we  have  mentioned  above, 
by  budding  from  the  neck  and  the  back  part  of  the  head,  the  para- 
site cannot  be  eflectually  dislodged  by  taking  away  any  portion  of 
the  body,  however  larger  since  it  is  subsequently  reproduced  from 
the  head,  and  continues  its  growth  as  before.  But  if  the  head  itself 
be  removed  from  the  intestine,  no  further  reproduction  of  the  articu- 
lations can  take  place. 

The  Cysticcrcus  is  an  encysted  parasite,  different  varieties  of  which 
are  found  in  the  liver,  the  peritoneum,  and  the  meshes  of  the  areolar 
tissue  in  various  parts  of  the  body.  It  consists  (Fig.  182)  first,  of 
a  globular  sac,  or  cyst  (a),  which  is  not  adherent  to  the  tissues  of 
the  organ  in  which  the  parasite  is  found,  but  may  be  easily  sepa- 
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rated  from  them.  In  its  interior  is  found  another  sac  {h),  lying 
loose  in  the  cavity  of  the  former,  and  filled  with  a  serous  fluid, 
|Thi8  second  sac  presents,  at  one  point  upon  its  surface,  a  puckered 
'depression,  leading  into  a  long,  narrow  canal  (c).  This  canal,  which 
is  formed  by  an  involution  of  the  walls  of  the  second  sac,  presents 
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at  its  bottom  a  small  globular  mass,  like  the  head  of  the  Tsenia. 
provided  with  suckers  and  books,  aud  supported  upon  a  slion 
slender  neck.  If  the  outer  investing  sac  be  removed,  the  narrow 
canal  just  described  may  bo  everted  by  careful  manipulation,  tnd 
the  piirasite  will  then  appear  as  in  Fig.  183,  with  the  head  and  nedc 
resembling  those  of  a  Tceiiia,  but  terminating  behind  in  a  dropsol 
sac-like  swelling,  instead  of  the  chain  of  articulations  which  an 
characteristic  of  the  fully  formed  tapeworm. 

Now  it  has  been  shown,  by  the  experiments  of  Kiichenmdster, 
Siebold,  and  others,  that  the  Cysticercus  is  only  the  imperfectly 
developed  embryo,  or  young,  of  the  Tasnia.  When  the  maton 
articulation  of  the  tapeworm  is  thrown  off,  as  already  mentioned, 
from  its  posterior  extremity,  the  eggs  which  it  incloses  have  alreadj 
passed  through  a  certain  period  of  development,  so  that  each  one 
contains  an  imperfectly  formed  embryo.  The  articulation,  contain- 
ing the  eggs  and  embryos,  is  then  taken,  with  the  food,  into  the 
stomach  of  another  animal ;  the  substance  of  the  articulation,  to- 
gether with  the  external  covering  of  the  eggs,  is  destroyed  by  di- 
gestion, and  the  embryos  are  thus  set  free.  They  then  penetrate 
through  the  walls  of  the  stomach,  into  the  neighboring  organs  or 
the  areolar  tissue,  and  becoming  encysted  in  these  situations,  are 
there  developed  into  cysticerci,  as  represented  in  Fig.  182.  After- 
ward, the  tissues  in  which  they  are  contained  being  devoared  bj 
a  third  animal,  the  cysticercus  passes  into  the  intestine,  fixes  iiaM 
to  the  mucous  membrane,  and,  by  a  process  of  budding,  prodoca 
the  long  tape-like  series  of  articulations,  by  which  it  is  finally  con- 
verted into  the  full-grown  Ttenia. 

Prof  Siebold  found  the  head  of  the  Cysticercus  fasoiolaria,  met 
with  in  the  liver  of  rats  and  mice,  presenting  so  close  a  resem- 
blance to  the  Taenia  crassicoOis,  inhabiting  the  intestine  of  the  cat. 
that  he  was  led  to  believe  the  two  parasites  to  be  identical.  Thia 
identity  was,  in  fact,  proved  by  the  experiments  of  Kiichenmeister; 
and  Siebold  afterward  demonstrated'  the  same  relation  to  exisl 
between  the  Cysticercus  pisiformis,  found  in  the  peritoneum  of  rab- 
bits, and  the  Tienia  serrata,  from  the  intestine  of  the  dog,  TbiB 
experimenter  succeeded  in  administering  to  dogs  a  quantity  of  the 
cysticerci,  fresh  from  the  body  of  the  rabbit,  mixed  with  milk ;  and 
on  killing  the  dogs,  at  various  periods  after  the  meal,  txom  three 
hours  to  eight  weeks,  he  found  the  cysticerci  in  various  stages  cf 
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development  in  the  intestine,  and  finally  converted  into  the  full 
grown  Taenia,  with  complete  articulations  and  mature  eggs. 

Dr.  Kiichenmeister'  has  also  performed  the  same  experiment,  with 
success,  on  the  human  subject.  A  number  of  cysticerci  were  ad- 
ministered to  a  criminal,  at  dififerent  periods  before  his  execution, 
varying  from  12  to  72  hours ;  and  upon  post-mortem  examination 
of  the  body,  no  less  than  ten  young  teenise  were  found  in  the 
intestine,  four  of  which  could  be  distinctly  recognized  as  specimens 
of  TsBnia  solium. 

On  the  other  hand,  both  Leuckart  and  Kiichenmeister*  have 
shown  that  the  eggs  of  Taenia  solium,  introduced  into  the  body  of 
Ae  pig,  will  give  rise  to  the  development  of  Gysticercus  celluloses ; 
thus  demonstrating  that  the  two  kinds  of  parasites  are  identical  in 
their  nature,  and  differ  only  in  the  manner  and  degree  of  their 
development. 

Finally,  it  is  now  known,  principally  from  the  investigations  of 
Leuckart,'  that  Trichina  spiralis  is  reproduced,  in  a  similar  manner, 
by  the  process  of  generation.  This  parasite  is  found,  as  above  de- 
scribed, in  an  encysted  and  sexless  condition,  in  the  muscular  tissue 
of  the  human  subject,  and  also  in  that  of  the  pig.  When  the  flesh 
of  the^  pig,  infested  with  such  parasites,  is  taken,  either  raw  or  im- 
perfectly cooked,  into  the  stomach,  the  cysts  are  digested,  and  the 
worm,  set  free  from  its  confinement,  rapidly  increases  in  size  in  the 
iptestine,and  acquires  fully  developed  sexual  organs ;  —  so  that  the 
females,  after  the  first  week,  produce  an  abundance  of  living  young. 
These  imperfect  or  embryonic  worms  penetrate  the  mucous  mem- 
brane of  the  intestine,  in  great  numbers,  and  find  their  way  into  the 
muscular  tissue,  where  they  become  encysted;  and  there  remain 
without  further  development,  until  again  transferred  into  the  stom- 
mach  of  a  living  animal. 

There  remains,  accordingly,  no  good  reason  for  believing  that 
even  the  encysted  parasites  are  produced  by  spontaneous  genera- 
tion. Whatever  obscurity  may  hang  round  the  origin  or  repro- 
duction of  this  class  of  animals,  the  direct  investigations  of  the 
physiologist  always  tend  to  show  that  they  do  not,  in  reality,  form 
any  exception  to  the  general  law  in  this  respect ;  and  the  most 
probable  opinion,  from  the  facts  at  present  within  our  knowledge, 
is  that  organized  beings,  animal  and  vegetable,  wherever  they  may  be 
found,  are  always  the  progeny  of  previously  existing  parents. 

*  On  Animal  and  Vegetable  Parasites,  Sydenham  translation :  London.  1867,  p 
116.  *  Op.  oit,  p.  120. 

B  Untersnchnngen  aber  Triebina  spiralis.     Leipzig,  1860. 
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ON  SEXUAL  GENERATION,  AND  THE  MODE  OF  1T3 
ACCOMPLISHMENT. 
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The  function  of  generation  is  perfonned  by  means  of  two  sets  of 
organs,  each  of  which  gives  origin  to  a  peculiar  product,  capable 
of  uniting  with  the  other  so  as  to  produce  a  new  individual.    These 

two  sets  of  orgaiu,  belonging  to  tfa« 
two  different  sexes,  are  called  the  male 
and  female  organs  of  generation.  The 
female  organs  produce  a  globular  bod/ 
called  the  germ,  or  egg,  which  i«  capable 
of  being  developed  into  the  bodjr  of 
the  young  animal  or  plant ;  the  male 
organs  produce  a  substance  which  ii 
necessary  to  fecundate  the  germ,  and 
enable  it  to  go  through  with  its  natural 
growth  and  development. 

Such  are  the  only  essential  and  urn* 
versal  characters  of  the  organs  of  gen©- 
ration.  These  organs,  however,  exhibit 
various  additions  and  modifications  in 
different  classes  of  organized  beingis, 
while  they  show  throughout  the  same 
fundamental  and  essential  characters. 
In  the  flowering  plants,  for  example, 
the  blcssom,  which  is  the  generative 
apparatus  (Fig.  184),  consists  first  of  « 
female  organ  containing  the  germ  (a),  situated  usually  upon  tbe 
highest  part  of  the  leaf  bearing  stalk.  This  is  surmounted  by  a 
nearly  straight  column,  termed  the  pistil  (6).  dilated  at  its  suramil 
into  a  globular  expansion,  and  occupying  the  centre  of  the  flower. 
Around  it  are  arranged  several  slender  filaments,  or  stamens,  bear 
ing  upon  their  extremities  the  male  organs,  or  anthers  (c,c).    The 
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whole  is  surrounded  by  a  circle  or  crown  of  delicate  and  brilliantly 
oolored  leaves,  termed  the  corolla  (d),  which  is  frequently  provided 
with  a  smaller  sheath  of  green  leaves  outside,  called  the  calyx  (e). 
The  anthers,  when  arrived  at  maturity,  discharge  a  fine  organic 
dast>  called  the  pollen,  the  granules  of  which  are  caught  upon  the 
extremity  of  the  pistil,  and  then  penetrate  downward  through  its 
tissues,  until  they  reach  its  lower  extremity  and  come  in  contact 
with  the  germ.  The  germ  thus  fecundated,  the  process  of  genera- 
tion is  accomplished.  The  pistil,  anthers,  and  corolla  wither  and 
fall  oS,  while  the  germ  increases  rapidly  in  size,  and  changes  in 
form  and  textur^  until  it  ripens  into  the  mature  fruit  or  seed.  It 
is  then  ready  to  be  separated  from  the  parent  stem ;  and,  if  placed 
in  the  proper  soil,  will  germinate  and  at  last  produce  a  new  plant 
similar  to  the  old. 

In  the  above  instance,  the  male  and  female  organs  are  both 
situated  upon  the  same  flower ;  as  in  the  lily,  the  violet,  the  con- 
▼oIyuIus,  &c.  In  other  cases,  there  are  separate  male  and  female 
flowers  upon  the  same  plant,  of  which  the  male  flowers  produce 
only  the  pollen,  the  female,  the 
germ  and  fruit.    In  others  still,  ^'8'  ^^'• 

the  male  and  female  flowers  are 
sitaated  upon  different  plants, 
which  otherwise  resemble  each 
other,  as  in  the  willow,  poplar, 
and  hemp. 

In  animals,  the  female  organs 
of  generation  are  called  ovaries, 
since  it  is  in  them  that  the  egg, 
or  "ovum,"  is  produced.  The 
male  organs  are  the  testicles, 
which  give  origin  to  the  fecun- 
dating product^  or  "seminal 
fluid,"  by  which  the  egg  is  fer- 
tilized. We  have  already  men- 
tioned above  that  in  the  articula- 
tions of  the  tapeworm  the  ovaries 
and  testicles  are  developed  to- 
gether. (Fig.  186.)  The  ovary 
(a,  a,  o)  is  a  series  of  branching  follicles  teribinating  in  rounded 
extremities,  and  communicating  with  each  other  by  a  central  canal. 
The  testicle  (b)  is  a  narrow,  convoluted  tube,  very  much  folded 
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upon  itself,  which  opens  by  an  external  orifice  (c)  upon  the  kleni 
border  of  the  articulation,  about  midway  between  its  l*o  a>j 
treraities.  The  spermatic  fluid  produced  in  the  testicle  is  ialKK 
duced  into  the  female  generative  passage,  which  opens  at  tlie 
spot,  and,  penetrating  deeply  into  the  interior,  comes  in  oootad 
with  the  eggs,  which  are  thereb}'  fecundated  and  rendered  fertile, 
The  fertile  eggs  are  afterward  set  free  by  the  rupture  or  decay  of 
the  articulation,  and  a  vast  number  of  young  are  produced  by  tbcif 
development. 

In  snails,  also,  and  in  some  other  of  the  lower  animals,  the  ovahoi 
and  testicles  are  both  present  in  the  same  individual;  so  that  theM 
animals  are  sometimes  said  to  be  "  hermaphrodite,"  or  of  double 
sex.  In  reality,  however,  it  appears  that  the  male  and  female 
organs  do  not  come  to  maturity  at  the  same  time ;  but  the  ovaries 
are  first  developed  and  perform  their  function,  after  which  the  tes- 
tides  come  into  activity  in  their  turn.  The  same  individual,  there- 
fore, is  not  both  male  and  female  at  any  one  time;  but  is  first 
female  and  afterward  male,  exercising  the  two  generative  functioM 
at  difterent  ages. 

In  all  the  higher  animals,  however,  the  two  seta  of  generatiTa 
organs  arc  located  in  separate  individuals ;  and  the  species  a 
consequently  divided  into  two  sexes,  mule,  and  female.  AM  that 
is  absolutely  requisite  to  constitute  the  two  sexes  is  the  CKigtOTCi 
of  testicles  in  the  one,  and  of  ovaries  in^the  other.  B^iMe  tlieM^ 
however,  there  are,  in  most  instances,  certain  secondary  or  aooe»- 
sory  organs  of  generation,  which  assist  more  or  leas  in  the  accom- 
pliahraent  of  the  process,  and  which  occasion  a  greater  diflerence  in 
the  anatomy  of  the  two  sexes.  Such  are  the  uterus  and  mamm&ry 
glands  of  the  female,  the  vesicul^o  seraiuales  and  prostate  gland 
of  the  male.  The  female  naturally  having  the  immediate  care  d 
the  young  after  birth,  and  the  male  being  occupied  in  providing 
food  and  protection  for  both,  there  are  also  corresponding  differ- 
ences in  the  general  structure  of  the  body,  which  affect  the  wl 
external  appearance  of  the  two  sexes,  and  which  even  show  t 
selves  in  their  mental  and  moral,  as  well  as  in  their  pbydicai 
characteristics.  In  some  cases  this  difference  is  so  excessive  that 
the  male  and  female  would  never  be  recognized  as  belonging  to 
same  species,  unless  they  were  seen  in  company  with  each  otb«r. 
Not  to  mention  some  extreme  instances  of  this  among  insects  and'' 
other  invertebrate  animals,  it  will  Ixj  sufficient  to  refer  to  the  wcU 
trnown  examples  of  the  cock  and  the  hen,  the  lion  and  lioneaa,  the 
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back  and  the  doe.  In  the  human  species,  also,  the  distinction 
between  the  sexes  shows  itself  in  the  mental  constitution,  the  dis- 
position, habits,  and  pursuits,  as  well  as  in  the  general  conforma- 
tion of  the  body,  and  the  peculiarities  of  external  appearance. 

We  shall  now  study  more  fully  the  character  of  the  male  and 
^tnale  organs  of  generation,  together  with  their  products,  and  the 
manner  in  which  these  are  discharged  from  the  body,  and  brought 
into  relation  with  each  ether 
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CHAPTER   III. 

ON    THE   EGG.    AND    THE    FEMALE    ORGANS  OF 
GENERATION. 


Pig.  186. 


The  egg  is  a  globular  body  which  varies  considerably  in  mm  io 
different  classes  of  auim.ils,  according  to  the  peculiar  conilitiotB 
under  which  its  development  is  to  tttke  place.  In  the  frog  it  me»- 
surea  ^'5  of  an  inch  in  diameter,  in  the  lamprey  a\.  in  quadnipedj 
and  in  the  human  species  j\n.  It  consists  first,  of  a  memhrjinoiis 
external  sac  or  envelope,  the  vitelline  membrane  ;  and  secondly,  of  1 
spherical  mass  inclosed  in  its  interior,  called  the  vilellus. 

The  vitelline  vvmhrane  in  birds  and  reptiles  is  very  thin,  measur 
ing  often  not  more  than  ,  ^^o^  ofan  inch  in  thickness,  and  isat  tbe 

same  time  of  a  somewhat  fibrous  texture. 
In  man  and  the  higher  animals,  un  the 
contrary,  it  is  perfectly  smooth,  structure- 
less and  transparent,  and  is  about  ,,'4j  of 
an  inch  in  thickness.  Notwithstanding 
its  delicate  and  transparent  appearance;  it 
has  a  considerable  degree  of  resiatasoe 
and  elasticity.  The  egg  of  the  hum&a 
subject,  for  example,  may  be  peroeptiblf 
flattened  out  under  the  microscope  by 
pressing  with  the  point  of  a  neeiUe  apoa 
the  slip  of  glass  which  covers  it;  but  it 
still  remains  unbroken,  and  when  lie 
pressure  is  removed,  readily  resumes  its  globular  form.  When  tb« 
egg  is  somewhat  flattened  under  the  microscope  in  thia  way,  by 
pressure  of  the  glass  slip,  the  apparent  thickness  of  the  vitelliuB 
membrane  is  increjisetl,  and  it  then  appears  (Fig.  186)  aa  «  ralher 
wide,  colorless,  and  pellucid  border  or  zone,  surrounding  the  granu- 
lar and  opaque  vitellus.  Owing  to  this  appearance,  it  has  lOCM- 
times  received  the  name  of  the  "zona  pellucida."     The  name  of 
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vitelline  membrane,  however,  Ls  the  one  more  generally  adopted, 
and  is  also  the  more  appropriate  of  the  two. 

The  vitelltta  (b)  is  a  globular,  semi-solid  mass,  contained  within 
the  vitelline  membrane.  It  consists  of  a  colorless  albuminoid  sab- 
stance,  with  an  abundance  of  minute  molecules  and  oleaginous 
granules  scattered  through  it.  These  minute  oleaginous  masses 
give  to  the  vitellus  a  partially  opaque  and  granular  aspect  under 
the  microscope.  Imbedded  in  the  vitellus,  usually  near  its  surface 
and  almost  immediately  beneath  the  vitelline  membrane,  there  is  a 
clear,  colorless,  transparent  vesicle  (c)  of  a  rounded  form,  known 
as  the  germinative  vesicle.  In  the  egg  of  the  human  subject  and  of 
the  quadrupeds,  this  vesicle  measures  g^Q  to  ^^^  of  an  inch  in 
diameter.  It  presents  upon  its  surface  a 
dark  spot>  like  a  n  ucleus  (rf),  which  is  known  ^'  ^®^* 

by  the  name  of  the  germinative  spot.  The 
germinative  vesicle,  with  its  nucleus-like 
Bpo^  is  often  partially  concealed  by  the 
granules  of  the  vitellus  by  which  it  is  sur- 
rounded, but  it  may  always  be  discovered 
by  careful  examination. 

If  the  egg  be  ruptured  by  excessive  pres-  homah  orm.  rnptnr.^  by 
rare  under  the  microscope,  the  vitellus  is   ^^T^'  '^''V^'  **"  *"*!'"" 

^  partially  expelled,  the  germinii- 

lem  to  have  a  gelatinous  consistency.  It  tue  TMtoie  u  a,  and  the  imooih 
is  gradually  expelled  from  the  vitelline  ^'^'J*  "'  ""  '""""•  "^ 
savity,  but  still  retains  the  granules  and  oil 

l^lobules  entangled  in  its  substance.  (Fig.  187.)  The  edges  of  the 
fractared  vitelline  membrane,  under  these  circumstances,  present  a 
nnooth  and  nearly  straight  outline,  without  any  appearance  of 
laceration  or  of  a  fibrous  structure.  The  membrane  is,  to  all  ap- 
pearance,  perfectly  homogeneous. 

The  most  essential  constituent  of  the  egg  is  the  vitellus.  It  is 
Srom  the  vitellus  that  the  body  of  the  embryo  will  afterward  be 
brmed,  and  the  organs  of  the  new  individual  developed.  The 
ritelline  membrane  is  merely  a  protective  inclosure,  intended  to 
lecnre  the  vitellus  from  injury,  and  enable  it  to  retain  its  figure 
iaring  the  early  periods  of  development 

The  egg,  as  above  described,  consists  therefore  of  a  simple 
ntellas  of  minute  size,  and  a  vitelline  membrane  inclosing  it.  It 
8  aoch  an  egg  which  is  found  in  the  human  subject,  the  quadru- 
)ed%  most  aquatic  reptiles,  very  many  fish,  and  some  invertebrate 
mimala    In  nearly  all  those  species,  in  &ct,  where  the  fecundated 
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eggs  are  deposited  and  hatched  in  the  water,  as  we 
which  they  are  retained  in  the  body  of  the  lemalo  unt 
ment  of  the  young  is  completed,  such  an  egg  as  above  described  is 
sufficient  for  the  formation  of  the  embryo;  since  during  its  develop- 
ment it  can  absorb  freely,  either  from  the  water  in  which  it  floati^ 
or  from  the  mucous  membrane  of  the  female  generative  orgaiK»  t^ 
requisite  supply  of  nutritious  fluids.  But  in  birds  &nd  in  the 
terrestrial  reptiles,  such  as  lizards,  tortoises,  &c.,  where  the  egp 
are  expelled  from  the  body  of  the  female  at  an  early  period,  aad 
incubated  on  land,  there  is  no  external  source  of  nutrition,  lo  pro- 
vide for  the  support  of  the  young  animal  during  its  development 
In  these  instances  accordingly  the  vitellus,  or  "yolk/'  as  it  is  called, 
is  of  very  large  siise ;  and  the  bulk  of  the  egg  is  still  farther  in 
creased  by  the  addition,  within  the  female  generative  paang«%(tf 
layers  of  albumen  and  various  external  fibrous  and  caksaiwo 
envelopes.  The  essential  constituents  of  the  egg,  however, 
remain  the  same  in  character,  and  the  process  of  embryonic  ditfr 
lopmeut  follows  the  same  general  laws  as  in  other  cases. 

The  eggs  are  produced  in  the  interior  of  certain  organs,  fituted 
in  the  abdominal  cavity,  called  the  ovaries.  These  organs  coDSSl 
of  a  number  of  globular  sacs,  or  follicles,  known  as  the  ^Grufiaa 
follicles,"  each  one  of  which  contains  a  single  egg.  The  foiliclei 
are  connected  with  each  other  by  a  quantity  of  vascular 
tissue,  which  binds  them  together  into  a  well-defineil  anil 
mass,  covered  u|x>n  its  exterior  by  a  layer  of  peritoneam. 
egg  has  sometimes  been  spoken  of  as  a  "  product,"  or  even  as  a 
"  secretion"  of  the  ovary.  Nothing  can  be  more  inappropriate, 
however,  than  to  compare  the  egg  with  a  secretion,  or  to  reganl  the 
ovary  as  in  any  respect  resembling  a  glandular  organ.  The  egg  it 
simply  an  organized  body,  growing  in  the  ovary  like  a  tooth  in 
follicle,  and  forming  a  constituent  part  of  the  body  of  the  fenal& 
It  is  destined  to  be  6nally  separated  from  its  attaohmenta  airf 
thrown  off";  but  until  that  time,  it  is,  properly  speaking,  a  pan  of 
the  ovarian  texture,  and  is  nourished  like  any  other  portioo  of  tltf 
female  organism. 

The  ovaries,  accordingly,  since  they  are  directly  oonoerned  in 
the  production  of  the  eggs,  are  to  be  regarded  as  the  eaeatal 
parts  of  the  female  generative  apparatus.  Beside  them,  howewr. 
there  are  usually  present  certain  other  organs,  which  play  a  MOOB- 
dary  or  accessory  part  in  the  process  of  generation.  The  moil 
important  of  these  accessory  organs  are  two  symmetrical  tnba^  <* 
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Fig.  188. 


oviducts,  wbicQ  are  destined  to  receive  the  eggs  at  their,  internal 
extremity  and  convey  them  to  the  external  generative  orifice.  The 
mucous  membrane  lining  the  oviducts  is  also  intended  to  supply 
certain  secretions  during  the  passage  of  the  egg,  which  are  requi- 
nte  either  to  complete  its  structure,  or  to  provide  for  the  nutrition 
of  the  embryo. 

In  the  frog,  for  example,  the  oviduct  commences  at  the  upper 
part  of  the  abdomen,  by  a  rather  wide  orifice,  which  communicates 
directly  with  the  peritoneal  cavity.  It 
Boon  after  contracts  to  a  narrow  tube, 
and  pursues  a  zigzag  course  down  the 
side  of  the  abdomen  (Fig.  188),  folded 
upon  itself  in  convolutions,  like  the 
small  intestine,  until  it  opens,  near  its 
fellow  of  the  opposite  side,  into  the 
*•  cloaca"  or  lower  part  of  the  intestinal 
canal.  The  oviducts  present  the  same 
general  characters  with  those  described 
above,  in  nearly  all  species  of  reptiles 
and  birds ;  though  there  are  some  modi- 
fications,  in  particular  instances,  which 
do  not  require  any  special  notice. 

The  ovaries,  as  well  as  the  eggs  which 
they  contain,  undergo  at  particular  sea- 
sons  a  periodical  development  or  increase 
in  growth.  If  we  examine  the  female 
frog  in  the  latter  part  of  summer  or  the 
tall,  we  shall  find  the  ovaries  presenting 
Uie  appearance  of  small  clusters  of  minute  and  nearly  colorless 
eggs,  the  smaller  of  which  are  perfectly  transparent  and  not  over 
Y^jf  of  an  inch  in  diameter.  But  in  the  early  spring,  when  the 
season  of  reproduction  approaches,  the  ovaries  will  be  found  in- 
creased to  four  or  five  times  their  former  size,  and  forming  large 
lobnlated  masses,  crowded  with  dark-colored  opaque  eggs,  measur- 
ing ^3  of  an  inch  in  diameter.  At  the  approach  of  the  generative 
season,  in  all  the  lower  animals,  a  certain  number  of  the  eggs,  which 
were  previously  in  an  imperfect  and  inactive  condition,  begin  to 
increase  in  size  and  become  somewhat  altered  in  structure.  The 
yitellus  more  especially,  which  was  before  colorless  and  transparent^ 
becomes  granular  in  texture  as  well  as  increased  in  volume ;  and 
assumes  at  the  same  time,  in  many  species  of  animals,  a  black; 
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brown,  yellow,  or  orange  color.  In  the  human  subject,  howerer, 
the  change  consists  only  in  on  increase  of  size  and  granaUtioa 
without  any  remarkable  alteration  of  color. 

The  eggs,  as  they  ripen  in  this  way,  becoming  enlarge*!  and 
changed  in  texture,  gradually  distend  the  Graafian  follicles  anil 
project  from  the  surface  of  the  ovary.  At  last,  when  fully  ript. 
they  are  discharged  by  a  rupture  of  the  walls  of  the  folliclea^  and, 
passing  into  the  oviducts,  are  conveyed  by  them  to  the  extent! 
generative  orifice,  and  there  expelled.  In  this  way,  as  suooeasrc 
seasons  come  round,  successive  crops  of  eggs  enlarge,  ripen,  leave 
the  ovaries,  and  are  discharged.  Those  which  are  to  be  expellcl 
at  the  next  generative  epoch  may  always  be  recognized  by  their 
greater  degree  of  development ;  and  in  this  way,  in  many  animaU 
the  eggs  of  no  less  than  three  difterent  crops  may  be  recongized  in 
the  ovary  at  once,  viz.,  1st,  those  which  are  perfectly  matarc  and 
ready  to  be  dischaiged ;  2d,  those  which  are  to  ripen  in  the  follow- 
ing season;  and  3d,  those  which  are.  as  yet  altogether  inactive  and 
undeveloped.  In  moat  fish  and  reptiles,  as  well  as  in  birds^  this 
regular  process  of  maturation  and  discharge  of  eggs  takes  place 
but  once  a  year.  In  difterent  species  of  quadrupeds  it  may  take 
place  annually,  semi-annually,  bi-monthly,  or  even  monthly;  but 
in  every  instance  it  recurs  at  regular  intervals,  and  exhibits  accord- 
ingly, in  a  marked  degree,  the  periodic  character  which  we  have 
seen  to  belong  to  most  of  the  other  vital  phenomena. 

Action  of  the  Oviducts  and  Female  Generative  Passage*. — ^In  &ogl 
and  lizards,  the  ripening  and  discharge  of  the  eggs  take  pl«c«  as 
above  mentioned  in  the  early  spring.    At  the  time  of  lea,ying  the 

ovary,  the  eggs  consist  simply  of  the 
dark-colored  and  granular  vitello^ 
inclosed  in  the  vitelline  membrtae 
They  are  then  received  by  the  inner 
extremity  of  the  oviducts,  and  carried 
downward  by  the  peristaltic  moTo- 
ment  of  these  canals,  aided  by  the 
more  powerful  contraction  of  the 
abdominal  muscles.  During  the  pas- 
sage of  the  eggs,  moreover,  the  raaoom 
membrane  of  the  oviduct  secretes  a  colorless,  viscid,  albumiaoid 
substance,  which  is  deposited  in  successive  layers  round  each 
forming  a  thick  and  tenacious  coating  or  envelope.  (Fig.  1 
When  the  eggs  are  finally  discharged,  this   albuminoid 
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absorbs  the  water  in  which  the  spawn  is  deposited,  and  swells  up 
into  a  transparent  gelatinous  mass,  iu  which  the  eggs  are  separately 
imbedded.  This  substaoce  supplies,  by  its  subsequent  liquefaction 
and  absorption,  a  certain  amount  of  nutritious  material,  during  the 
development  and  early  growth  of  the  embryo. 

In  the  terrestrial  reptiles  and  in  birds,  the  oviducts  perform  a 
still  more  important  secretory  function.  In  the  common  fowl,  the 
ovary  consists,  as  in  the  frog,  of  a  large  number  of  follicles,  loosely 
connected  by  areolar  tissue,  in  which  the  eggs  can  be  seen  in  different 
stages  of  development.  (Fig.  190,  a.)  As  the  egg  which  is  approach- 
ing maturity  enlarges,  it  distends  the  cavity  of  its  follicle,  and  pro- 
jects farther  from  the  general  surface  of  the  ovary ;  so  that  it  hangs 
at  last  into  the  peritoneal  cavity,  retained  only  by  the  attenuated 
wall  of  the  follicle,  and  a  slender  pedicle  through  which  run  the 
bloodvessels  by  which  its  circulation  is  supplied.  A  rupture  of  the 
follicle  then  occurs,  at  its  most  prominent  part»  and  the  egg  is  dis- 
charged from  the  lacerated  opening. 

At  the  time  of  its  leaving  the  ovary,  the  egg  of  the  fowl  consists 
of  a  large,  globular,  orange-colored  vitellus,  or  "yolk,"  inclosed  in 
a  thin  and  transparent  vitelline  membrane.  Immediately  under- 
neath the  vitelline  membrane,  at  one  point  upon  the  surface  of  the 
vitellus,  is  a  round  white  spot,  consisting  of  a  layer  of  minute 
granules,  termed  the  "  cicatricula."  It  is  in  the  central  part  of  the 
cicatricula  that  the  germinative  vesicle  is  found  imbedded,  at  an 
early  stage  of  the  development  of  the  egg.  At  the  time  of  its 
discharge  from  the  ovary,  the  germinative  vesicle  has  usually  dis- 
appeared; but  the  cicatricula  is  still  a  very  striking  and  important 
part  of  the  vitellus,  as  it  is  from  this  spot  that  the  body  of  the  chick 
b^ns  afterward  to  be  developed. 

At  the  same  time  that  the  egg  protrudes  from  the  surface  of  the 
ovary,  it  projects  into  the  inner  orifice  of  the  oviduct;  so  that,  when 
discharged  from  its  follicle,  it  is  immediately  embraced  by  the  upper 
or  fringed  extremity  of  this  tube,  and  commences  its  passage  down- 
ward. In  the  fowl,  the  muscular  coat  of  the  oviduct  is  highly  deve- 
loped, and  its  peristaltic  contractions  gently  urge  the  egg  from  above 
downward,  precisely  as  the  oesophagus  or  the  intestines  transport 
the  food  in  a  similar  direction.  While  passing  through  the  first 
two  or  three  inches  of  the  oviduct  (c,  d),  where  the  mucous  mem- 
brane is  smooth  and  transparent,  the  yolk  merely  absorbs  a  certain 
quantity  of  fluid,  so  as  to  become  more  flexible  and  yielding  in  con- 
sistency.   It  then  passes  into  a  second  division  of  the  generative 
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cannl,  in  wbicli  the  mucous  membrane  is  thick  and  glandolar  io 
texture,  and  is  also  thrown  into  numerous  longitudinal  folds,  which 
project  into  the  cavity  of  the  oviduct.  This  portion  of  the  oviduct 
{J,  e),  extends  over  about  nine  inches  of  its  entire  length.  In  ita 
upper  part,  the  mucous  membrane  secretes  a  viscid  material  hj 
which  the  jolk  is  encased,  and  which  soon  consolidates  into  a  gela- 
tinous, membranous  deposit;  thus  forming  a  second  homogeowa 
layer,  outside  the  vitelline  membrane. 

Now  the  peristaltic  movements  of  this  part  of  the  OTidoot  in 
such  as  to  give  a  rotary,  as  well  as  a  progressive  motion  to  Um 
egg;  and  the  two  extremities  of  the  membranous  layer  described 
above  become,  accordingly,  twisted  in  opposite  directions  into  two 
fine  cords,  which  run  backward  and  forward  from  the  opposite  poles 
of  the  egg.  These  cords  are  termed  the  "  chalaz»,"  and  the  mem- 
brane with  which  they  are  connected,  the  "  chalaziferous  membrane.'' 

Throughout  the  remainder  of  the  second  division  of  the  orid\icl) 
the  mucous  membrane  exudes  an  abundant,  gelatinous,  albuminoid 
substance,  which  is  deposited  in  successive  layers  round  the  yolk. 
inclosing  at  the  same  time  the  chalaziferous  moHabrane  and  the 
chalazoe.  This  stibstance,  which  forms  the  so-called  albumen,  or 
"  white  of  egg,"  is  semi-solid  in  consistency,  nearly  transparent,  aad 
of  a  faint  amber  color.  It  is  deposited  in  greater  abundance  in  froM 
of  the  advancing  egg  than  behind  it,  and  forms  aooordingly  a 
pointed  or  conical  projection  in  front,  while  behind,  its  outline  i* 
rounded  off,  parallel  with  the  spherical  surface  of  the  yolk.  In  tbit 
way,  the  egg  acquires,  when  covered  with  its  albumen^  an  oroid 
form,  of  which  one  end  ia  round,  the  other  pointed;  the  pouilfld 
extremity  being  always  directed  downward,  as  the  egg  d 
along  the  oviduct. 

In  the  third  division  of  the  oviduct  (/}.  which  is  about  three 
a  half  inches  in  length,  the  mucous  membrane  is  arranged  in  longi 
tudinal  folds,  which  are  narrower  and  more  closely  packed  than  in 
the  preceding  portion.     The  material  secreted  in  this  part,  and  de- 
posited upon  the  egg,  condenses  into  a  firm  fibrous  covering,  coiD' 
posed  of  three  diflFerent  layers  which  closely  embrace  the  soxJHa 
of  the  albuminous  mass,  forming  a  tough,  flexible,  semi-opaonafl 
envelope  for  the  whole.    These  layers  are  known  as  the  extenul 
middle,  and  internal  fibrous  membranes  of  the  egg. 

Finally  the  egg  passes  into  the  fourth  division  of  the  ovidoct  (if\ 
which  is  wider  than  the  rest  of  the  canal,  but  only  a  iittlo  ever  two 
inches  in  length.    Here  the  mucous  membrane,  wnioh  is  arraaged 
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Fig.  190. 


^in  aljundant,  projecting,  leaf-like  villosities,  exudes  a  fluid  very  rich 
in  calcareous  salts.  The  most  external  of  the  three  membranes 
just  described  is  permeated  by  this  fluid,  and  very  soon  the  calcare- 
ous matter  begins  to  crystallize  in 
tbe  interstices  of  its  fibres.  This 
deposit  of  calcareous  matter  goes 
on,  growing  constantly  thicker  and 
more  condensed,  until  the  entire 
external  membrane  is  converted  into 
a  white,  opaque,  brittle,  calcareous 
sbel],  which  incloses  the  remaining 
portions  and  protects  them  from  ex- 
ternal injury.  The  egg  is  then  driven 
outward  by  the  contraction  of  the 
muscular  coat  through  a  narrow  por- 
tion of  the  oviduct  (A),  and.  gradually 
dilating  the  passages  by  its  conical 
extremity,  is  finally  discharged  from 
the  external  orifice. 

The  egg  of  the  fowl,  after  it  has 
been  discharged  from  the  body,  con- 
sists, accordingly,  of  various  parts; 
some  of  which,  ns  the  yolk  and  the 
vitelline  membrane,  entered  into  its 
original  formation,  while  the  remain- 
der have  been  deposited  round  it  dur- 
ing its  passage  through  the  oviduct. 
On  examining  such  an  egg  (Fig.  191), 
we  find  externally  the  calcareous 
shell  (A),  while  immediately  beneath 

H     it  are  situated  the  middle  and  internal 
fibrous  shell-membranes  (e,/). 

Soon  afler  the  expulsion  of  the  egg 
there  is  a  partial  evaporation  of  its 
watery  ingredients, which  are  replaced 
by  air  penetrating  through  the  pores 

FmALU  OijiiitATirB  OitaA]ia  or  Fowl.— <i.  Ot»7.  h.  OnuJUn  foUlel*,  from  which  tk* 
qr>  Iii^^Ja*' hMadlKbariTBd.  e.  Tolk,  eolerlDg  Dpp«r  extremity  of  oTidaet.  <f,a.  8««t>Dd  dIvUlok 
«f  oviduct,  la  which  chtUilbrooi  mviabrsos,  ebiil4X«,  and  kibatneo  are  formed.  /.  Third  porlloo, 
la  which  the  flhrooi  »bell  Dcmbraoei  ■»  prodne«d.  g.  Fonrtb  portion  IntJ  opan,  ■bowing  •(( 
•oapletflly  forncd,  with  Mlwrvoai  abetl.    h.  Hurow  eaul  throngb  wblab  thoogg  li  dluhaxyaA. 
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seen  to  be  nearly  triangular  in  shape,  its  two  superior  angles  na 
ning  out  on  each  side  to  join  the  lower  extremities  of  the  Fallopiaa^ 
tubes.     This  portion  evidently  consists  of  the  comua,  which  hivc 
been  consolidated  with  the  body  of  the  uterus,  and  enveloped  is 
its  thickened  layer  of  muscular  fibreSi. 

Pig.  193. 
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Oi»cmATiTa   OKSAirt  or   Bdhar   FmALa.— o,  a.    OTkrl««.     &,  h.  PkUoptia 
c.  Body  of  atorn*.    d.  Cerrlx.    «.  Vk^tui. 

The  cavity  of  the  body  of  the  uterus  terminates  below  by  a  OOO' 
stricted  portion  termed  the  os  internum,  by  which  it  is  separated 
from  the  cavity  of  the  cervix.  These  two  cavities  are  not  only 
different  from  each  other  in  shape,  but  differ  also  in  the  Btmctnre 
of  their  mucous  membrane  and  the  functions  which  it  is  desiioed 
to  perform. 

The  mucous  membrane  of  the  body  of  the ,  uterus  in  its  uauil 
condition  is  smooth  and  rosy  in  color,  and  closely  adherent  to  thft 
subjacent  muscular  tissue.  It  consists  of  minute  tubular  follieki 
somewhat  similar  to  those  of  the  gastric  mucous  membrane,  raogod 
side  by  side,  and  opening  by  distinct  orifices  upon  its  free  sur&oe. 
The  .secretion  of  these  follicles  is  destined  for  the  nutrition  of  the 
embryo  during  the  earlier  periods  of  its  formation. 

The  internal  surface  of  the  neck  of  the  uterus,  on  the  other 
is  raised  in  prominent  ridges  which  are  arranged  usually  in  two 
lateral  sets,  diverging  from  a  central  longitudinal  ridge;  presenting 
the  appearance  known  as  the  "  arbor  vit»  uterina."  The  follicles 
of  this  part  of  the  uterine  mucous  membrane  are  different  in  Btrac> 
ture  from  those  of  the  foregoing.    They  are  of  a  globular  or 
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like  fonn,  and  secrete  a  very  firm,  adhedve,  transparent  mucus, 
vhich  is  destined  to  block  up  the  cavity  of  the  cervix  during  ges- 
IjttioD,  and  guard  against  the  accidental  displacement  of  the  egg. 
Some  of  these  follicles  are  frequently  distended  with  their  secretion, 
and  project,  as  small,  hard,  rounded  eminences,  from  the  surface 
of  the  mucous  membrane.  In  this  condition  they  are  sometimes 
designated  by  the  name  of  "  ovula  Nabothi,"  owing  to  their  having 
been  formerly  mistaken  for  eggs,  or  ovules. 

The  cavity  of  the  cervix  uteri  is  terminated  below  by  a  second 
ooDstriotion,  the  "os  externum."  Below  this  comes  the  vagina, 
which  constitutes  the  last  division  of  the  female  generative  pas- 


The  accessory  female  organs  of  generation  consist  therefore  of 
ducts  or  tubes,  by  means  of  which  the  egg  is  conveyed  from  within 
outward.  These  ducts  vary  in  the  degree  and  complication  of 
their  development,  according  to  the  importance  of  the  task  assigned 
to  them.  In  the  lower  orders,  they  serve  merely  to  convey  the  egg 
rapidly  to  the  exterior,  and  to  supply  it  more  or  less  abundantly 
with  an  albuminous  secretion.  In  the  higher  classes  and  in  the 
human  subject,  they  are  adapted  to  the  more  important  function  of 
retaining  the  egg  during  the  period  of  gestation,  and  of  providing 
daring  the  same  time  for  the  nourishment  of  the  young  embryo. 
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CHAPTER   IV. 

ON  THE  SPERMATIC  FLUID.  AND  THE  MALB 
OHOANS  OF  GENEBATION. 


The  mature  egg  is  not  by  itself  capable  of  being  developed  into 
the  embryo.  If  simply  discharged  from  the  ovary  aoJ  carrittl 
through  the  oviducts  toward  the  exterior,  it  soon  dies  and  i«  de- 
composed, like  auy  other  portion  of  the  body  separated  from  iti 
natural  connections.  It  is  only  when  fecundated  by  the  spermatic 
6uid  of  the  male,  that  it  is  stimulated  to  continued  developmeot, 
and  becomes  capable  of  a  more  complete  organization. 

The  product  of  the  male  generative  organs  consists  of  a  oolorleai 
somewhat  vineid,  and  albuminous  fluid,  containing  an  innumerable 
quantity  of  minute  filamentous  bodies,  termed  sj^iennatozoa,  TT« 
name  spermatozoa  has  been  given  to  these  bodies,  on  aooount  of 
their  exhibiting  under  the  microscope  a  very  active  and  continu- 
ous movement,  bearing  some  resemblance  to  that  of  certain  animal 
cules. 

Anatomical  characters  of  the  spermatozoa. — The  spermatozoa 
of  the  human  subject  (Fig.  19-i,  a)  are  about  gno  "^  *^  '^^^ 
in  length,  according  to  the  measurements  of  Kolliker.  Their 
anterior  extremity  presents  a  somewhat  flattened,  triangular- 
shaped  enlargement,  termed  the  "  head."  The  head  constitnies 
about  one  ■  tenth  part  the  entire  length  of  the  spermatozoon. 
The  remaining  portion  is  a  very  slender  filamentous  proloa- 
gation,  termed  the  "  tail,"  which  tapers  gradually  badcvaid, 
becoming  so  exceedingly  delicate  towards  its  extremity,  that  it  is 
difficult  to  be  seen  except  when  in  motion.  There  is  no  farther 
organization  or  internal  structure  to  be  detected  in  any  part  of 
spermatozoon ;  and  the  whole  appears  to  consisty  so  ikr  as  can 
seen  by  the  microscope,  of  a  completely  homogeneous  tolerably 
firm,  albuminoid  substance.  The  terms  head  and  tail,  therefore, 
as  justl}'  remarked  by  Bergmann  and  Leuckart,'  are  not  used, 
when  describing  the  different  parts  of  the  spermatozoon,  in  the 
same  sense  as  that  in  which  they  would  be  applied  to  tbe 
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ig  parts  of  an  animal,  but  simply  for  the  sake  of  conveni- 
9;  just  as  one  might  spuak  of  the  bead  of  an  arrow,  or  the  tail 
I  comet. 

a  the  lower  animals,  the  spermatozoa  have  usually  the  same 
eral  form  as  in  the  human  subject;  that  is,  they  are  sleuder 
nentous  bodies,  with  the  anterior  extremity  more  or  less  en- 
jed.  In  the  rabbit  they  have  a  head  which  is  roundish  and 
»Ded  in  shape,  somewhat  resembling  the  globules  of  the  blood. 
iie  rat  (Fig.  184,  b)  they  are  much  larger  than  in  man,  measur- 
nearly  y^,  of  an  inch  in  length.    The  head  is  conical  in  shape, 

Pig.  194, 


lOA.— a.  HDtnsa.    b.  Of  Out.    e.  Of  UsDobrBueboi.    HagDlflfid  4M  llmM. 


at  one-twentieth  the  whole  length  of  the  filament,  and  often 
htly  curved  at  its  anterior  extremity.  In  the  frog  and  in  rep- 
}  generally,  the  spermatozoa  are  longer  than  in  quadrupeds. 
ihe  Menohranchus.  or  great  American  water-lizard,  they  are  of 
Y  unujsual  size  (Fig.  194.  c),  measuring  not  less  than  ,'^  of  an 
1  in  length,  about  one-third  of  which  is  occupied  by  the  head, 
mlarged  portion  of  the  filament. 
ihp  most  remarkable   peculiarity  of  the  spermatozoa  is  their 
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very  singular  and  active  movement,  to  which  we  have  already 
alluded.  If  a  drop  of  fresh  seminal  fluid  be  placed  under  Um 
microscope,  the  numberless  minute  filaments  with  which  it  ii 
crowded  are  seen  to  be  in  a  state  of  incessant  and  agitated  m 
This  movement  of  the  spermatozoa,  in  many  species  of  aaimiU' 
strongly  resembles  that  of  the  tadpole ;  particularly  when,  as  in  tlie 
human  subject,  the  rabbit,  &;c.,  the  spermatozoa  consist  of  a  short 
and  well  defined  head,  followed  by  a  long  and  slender  tail.  Hert 
the  tail-like  filament  keeps  up  a  constant  lateral  or  vibratory  more- 
raent,  by  which  the  spermatozoon  is  driven  from  place  to  place  is 
the  spermatic  fluid,  just  as  the  fish  or  the  tadpole  is  propelled 
through  the  water.  In  other  instauces,  as  for  example  in  the  water- 
lizard,  and  in  some  parasitic  animals,  the  spermatozoa  have  a  ooo- 
tiuuous  writhing  or  spiral-like  movement,  which  presents  a  rery 
peculiar  and  elegant  appearance  when  large  numbers  of  tlicm  go 
viewed  together. 

It  is  the  existence  of  this  movement  which  first  suggested 
name  of  spermatozoa  to  designate  the  animated  filaments  of  the 
spermatic  fluid ;  and  which  has  led  some  writers  to  aitribate  to 
them  an  independent  animal  nature.  This  is,  however,  a  rttj 
erroneous  mode  of  regarding  them ;  since  they  cannot  properly  be 
considered  as  animals,  notwithstanding  the  active  character  of  ibar 
movement,  and  the  striking  resemblance  which  it  sometimes  p^^ 
sents  to  a  voluntary  act.  The  spermatozoa  are  orgunic  formi, 
which  are  produced  in  the  testicles,  and  constitute  a  part  of  tl^ir 
tissue ;  just  as  the  eggs,  which  are  produced  in  the  ovaries,  nits^ 
rally  form  a  part  of  the  texture  of  these  organs.  Like  the  eg( 
also,  the  spermatozoon  is  destined  to  be  discharged  from  the  orgtB 
where  it  grew,  and  to  retain,  for  a  certain  length  of  time  afterward. 
its  vital  properties.  One  of  the  most  peculiar  of  these  propertitl 
is  its  power  of  keeping  in  constant  motion;  which  does  not,  boir- 
ever,  mark  it  as  a  distinct  animal,  but  only  distinguishes  it  as  a 
peculiar  structure  belonging  to  the  parent  organism.  The  motioo 
of  a  spermatozoon  is  precisely  analogous  to  that  of  a  ciliated  epi-  J 
thelium  cell.  The  movement  of  the  latter  will  continue  for  soroe^ 
hours  after  it  has  been  separated  from  its  mucous  membrane,  pro- 
vided its  texture  be  not  injured,  nor  the  process  of  deoompaflitko 
allowed  to  commence.  In  the  same  manner,  the  movement  of  the 
spermatozoa  is  a  characteristic  property  belonging  to  them,  wbic 
continues  for  a  certain  time,  even  after  they  have  been  flepai 
from  the  rest  of  the  body. 
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In  order  to  preserve  their  vitality,  the  spermatozoa  must  bo 
kept  at  the  ordinary  temperature  of  the  body,  and  preserved 
from  the  contact  of  the  air  or  other  unnatural  fluids.  In  this  way, 
they  may  be  kept  without  difficulty  many  hours  for  purposes  of 
examination.  But  if  the  fluid  in  which  they  are  kept  be  allowed 
to  dry,  or  if  it  be  diluted  by  the  addition  of  water,  in  the  case  of 
birds  and  quadrupeds,  or  if  it  be  subjected  to  extremes  of  heat  or 
cold,  the  motion  ceases,  and  the  spermatozoa  themselves  soon  begin 
to  disintegrate. 

The  spermatozoa  are  produced  in  certain  glandular-looking 
organs,  the  testicles,  which  are  characteristic  of  the  male,  as  the  ova- 
ries are  characteristic  of  the  female.  In  man  and  all  the  higher 
animals,  the  testicles  are  solid,  ovoid-shaped  bodies,  composed 
principally  of  numerous  long,  narrow,  and  convoluted  tubes,  the 
'' seminiferous  tubes,^^  somewhat  similar  in  their  general  anatomical 
characters  to  the  tubuli  uriniferi  of  the  kidneya  These  tubes  lie 
for  the  most  part  closely  in  contact  with  each  other,  so  that  nothing 
intervenes  between  them  except  capillary  bloodvessels  and  a  little 
areolar  tissue.  They  commence,  by  blind,  rounded  extremities,  near 
the  external  surface  of  the  testicle,  and  pursue  an  intricately  con- 
voluted course  toward  its  central  and  posterior  part.  They  are  not 
strongly  adherent  to  each  other,  but  may  be  readily  unravelled  by 
manipulation,  and  separated  from  each  other. 

The  formation  of  the  spermatozoa,  as  it  takes  place  in  the 
substance  of  the  testicle,  has  been  fully  investigated  by  Kiilliker. 
According  to  his  observations,  as  the  age  of  puberty  approaches, 
beside  the  ordinary  pavement  epithelium  lining  the  seminiferous 
tubes,  other  cells  or  vesicles  of  larger  size  make  their  appearance 
in  these  tubes,  each  containing  from  one  to  fifteen  or  twenty  nuclei, 
with  nucleoli.  It  is  in  the  interior  of  these  vesicles  that  the  sper- 
matozoa are  formed ;  their  number  corresponding  usually  with  that 
of  the  nuclei  just  mentioned.  They  are  at  first  developed  in  bundles 
of  ten  to  twenty,  held  together  by  the  thin  membranous  substance 
which  surrounds  them,  but  are  afterward  set  free  by  the  liquefac- 
tion of  the  vesicle,  and  then  fill  nearly  the  entire  cavity  of  the 
seminiferous  ducts,  mingled  only  with  a  very  minute  quantity  ot 
transparent  fluid. 

In  the  seminiferous  tubes  themselves,  the  spermatozoa  are  al- 
ways inclosed  in  the  interior  of  their  parent  vesicles ;  they  are  libe- 
rated, and  mingled  promiscuously  together,  only  after  entering  the 

rete  testis  and  the  head  of  the  epididymis. 
87 
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Beside  the  testicles,  wbich  are,  as  above  stated,  the  primarfM 
essential  parts  of  the  male  generative  apparatus^  there  are  certain | 
secondary  or  accessory  organs,  by  means  of  which  the  spermatic 
fluid  is  conveyed  to  the  exterior,  and  mingled  rnth  varioas  a»T^j 
tioDs  which  assist  in  the  accomplishment  of  its  functions. 

As  the  sperm  leaves  the  testicle,  it  consists,  fis  alx>ve  meniiotwri 
ill  most  entirely  of  the  spermatozoa,  crowded  together  iu  an  yf)»jw, 
white,  semi-fluid  ma?s,  which  fills  up  the  vasa  etferentin,  ami  com- 
pletely distends  their  cavities.  It  then  enters  the  single  duct 
which  forms  the  body  and  lower  extremity  of  the  epididrzni& 
following  the  long  and  tortuous  course  of  this  tnbc.  nndl  it 
reaches  the  vas  deferens;  through  which  it  is  still  conreted 
onward  to  the  point  where  this  canal  opena  into  the  tmsUifi. 
Throughout  this  course,  it  is  mingled  with  a  glairy,  mDous-like 
fluid,  secretctl  by  the  walls  of  the  epidiilymis  and  vas  defercia;  ioj 
which  the  spermatozoa  are  enveloped.  The  mixture  is  then  dcp<>1 
sited  iu  the  vesicular  serainales,  where  it  accumulates,  as  frc«h  (JOM- 
tities  are  produced  in  the  testicle  and  conveyed  downward  by  iLc 
spermatic  duct.  It  is  probable  that  a  second  secretion  is  sapplied 
also  by  the  internal  surface  of  the  Tesic«l»  seminales,  and  thstt  the 
sperm,  while  retained  in  their  cavities,  is  not  onlv  stoned  np  fcri 
subsequent  use,  but  is  at  the  same  time  motlified  in  its  pro}: 
by  the  admixture  of  another  fluid. 

At  the  time  when  the  evacuation  of  the  sperm  takes  place,  ft  if' 
driven  out  from  the  seminal  vesicles  by  the  muscular  contraction  i 
of  the  surrounding  parts,  and  meets  in  the  urethra  with  theiieci^l 
tiona  of  the  prostate  gland,  the  glands  of  Cowper,  and  the  mtiooo* 
follicles  opening  into  the  urethral  passage.  All  these  organs  tretA 
that  time  excited  to  an  unusual  activity  of  secretion,  and  pouroirt 
their  different  fluids  in  great  abundance. 

N'ecessar}/  conditions  of  fecundation  by  tfie  spermatic  /iutiL — Thewl 
are  several  conditions  which  are  essential  to  the  successful  aooo<tt^ 
plisliment  of  the  act  of  fecundation. 

First,  the  spermatozoa  must  be  present  and  in  a  state  of 
vitality.     We  have  .shown  alrea<ly  that  the  sperm,  at  the  moi 
of  its  discharge  from  the  urethra,  is  an  exceedingly  mixed  flaid 
consisting   of   the   spermatozoa   derived   from   the   testicles, 
gether  with  the  secretions  of  the  epididymis  and  raa  defer 
the    prostate,   Cowper's    glands,  and    the   mucous  follicles   of 
the   urethra.     Of  all  these  ingredients,   it  is  the  spermtttOMt 
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whicb  constitute  the  essential  part  of  the  seminal  fluid.  They  are 
the  true  fecundating  element  of  the  sperm,  while  all  the  others  are 
secondary  in  importance,  and  perform  only  accessory  functions. 

Spallanzani  found  that  if  frog's  semen  be  passed  through  a  suc- 
cession of  filters,  so  as  to  separate  the  spermatozoa  from  the  liquid 
portions,  the  filtered  fluid  is  destitute  of  any  fecundating  properties ; 
while  the  spermatozoa  remaining  entangled  in  the  filter,  if  mixed 
with  a  sufficient  quantity  of  fluid  of  the  requisite  density  for  dilu- 
tion, may  still  be  successfully  used  for  the  impregnation  of  eggs. 
It  is  well  known,  also,  that  animals  or  men  from  whom  both  testi- 
cles have  been  removed,  are  incapable  of  impregnating  the  female 
or  her  eggs,  notwithstanding  that  all  the  other  generative  organs 
may  remain  uninjured.  The  spermatic  fluid,  furthermore,  must 
be  in  a  fresh  condition,  so  that  the  spermatozoa  themselves  retain 
their  anatomical  characters  and  their  active  movement.  The  ex- 
periments of  Spallanzani,'  on  artificial  impregnation  in  the  cold- 
blooded animals,  have  shown  that,  if  the  above  conditions  be  pre- 
served, the  spermatic  fluid,  removed  from  the  seminal  ducts  of  the 
male,  is  capable  of  successfully  fecundating  the  eggs  of  the  female. 
But  if  it  be  allowed  to  remain  too  long  exposed  to  the  atmosphere, 
or  to  an  unnattiral  temperature,  it  loses  its  impregnating  power 
and  becomes  inert.  So  long  as  the  spermatozoa  continue  in  active 
motion,  they  are  usually  found  to  retain  their  physiological  prop- 
erties; the  cessation  of  this  movement,  on  the  other  hand,  being  a  sign 
that  their  vitality  is  exhausted,  and  that  they  are  no  longer  capable 
of  impregnating  the  egg. 

Secondly,  both  eggs  and  spermatozoa  must  have  arrived  at  a 
certain  degree  of  development  before  fecundation  can  take  place. 
Previous  to  this  time  the  immature  eggs  are  incapable  of  impreg- 
nation, and  the  imperfectly  developed  spermatozoa  have  not  yet 
acquired  their  fecundating  power.  This  necessary  process  of 
growth  takes  place  within  the  generative  organs ;  and  when  it  is 
complete,  both  the  spermatozoa  of  the  male  and  the  eggs  of  the 
female  are  ready  to  be  discharged,  and  are  in  a  condition  to  exert 
upon  each  other  the  necessary  mutual  influence. 

The  fecundating  power,  however,  of  the  spermatozoa,  when  fully 
developed,  is  exceedingly  active.  Spallanzani  found  that  three  grains 
of  the  spermatic  fluid  of  the  frog,  diffused  in  water,  .was  sufficient 
for  the  impregnation  of  several  thousands  of  eggs.  The  process 
also  seems  to  be  accomplished  almost  instantaneously,  since  the 

•     >  Experiences  pour  servir  &  I'bistoire  de  la  g^ntfration.     Genera,  1786. 
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eggs  which  had  been  allowed  to  remain  in  the  fecm  '    '       mji. 
ture  for  only  a  single  second  were  successfully  irapr,j,  ml 

became  afterward  hatched  at  the  end  of  the  usual  period. 

Thirdly,  in  order  to  accomplish  fecundation,  the  spen 
must  come  into  actual  contact  with  the  egg  or  its  immcUi.;u  ■.« 
yelopes.  Spallanzani  first  demonstrated  this  fact  by  attacbio^ 
some  mature  eggs  to  the  concave  surface  of  a  watcb-glaaa,  whicb 
he  then  placed,  in  an  inverted  position,  over  a  second  watch-glasj 
containing  fresh  spermatic  fluid.  The  eggs,  which  were  allovwl 
to  remain  in  this  way  for  several  hours  exposed  to  the  vapor  <.'f 
the  spermatic  fluid,  but  without  touching  its  surface,  were  after- 
ward found  to  have  failed  of  impregnation;  while  others,  which 
were  actually  moistened  with  a  portion  of  the  same  sperm,  beoiao 
developed  into  living  tadpoles. 

There  is  even  reason  to  believe  that  the  spermatozoa,  at  thetiiae 
of  impregnation,  actually  penetrate  into  the  interior  of  the  cgt 
and  thus  come  into  contact  with  the  substance  of  the  TitcUcs. 
Spermatozoa  have  been  seen  in  the  interior  of  the  egg.  hj 
Martin  Barry,  Newport,  and  Bischofl^  in  the  frog  and  the  rabbil, 
and  by  other  observers  in  various  invertebrate  animals.  The  rah- 
stance  of  the  spermatozoon,  thus  introduced  into  the  egg,  undoubt- 
edly becomes  liquefied  and  united  with  the  substance  of  the  vitcl- 
lus;  so  that  the  fecundated  egg  is  a  combination  of  materials  de- 
rived  from  both  the  male  and  female  organisms. 

Periodical  development  of  the  spermatic  Jlnid,  —  In  most  of  llw 
lower  orders  of  animals  there  is  a  periodical  development  of 
the  testicles  in  the  male,  corresponding  in  time  with  that  f»f 
the  ovaries  in  the  female.  As  the  ovaries  enlarge  and  lb« 
eggs  ripen  in  the  one  sex,  so  in  the  other  the  testicles  increase  in 
size,  as  the  season  of  reproduction  approaches,  and  become  tarjp'l 
with  spermatozoa.  The  accessory  organs  of  generation,  at  the 
same  time,  share  the  unusual  activity  of  the  testicles,  and  become 
increased  in  vascularity  and  ready  to  perform  their  part  io  tbfl 
reproductive  function. 

In  the  fish,  for  example,  where  the  testicles  occupy  the  son 
position  in  the  abdomen  as  the  ovaries  in  the  opposite  sex,  tlie«5 
bodies  enlarge,  become  distende^l  with  their  contents^  and  prc^trt 
into  the  peritoneal  cavity.  Each  of  the  two  sexes  is  then  at  th* 
same  time  under  the  influence  of  a  corresponding  excitement.  Th' 
unusual  development  of  the  generative  organs  reacts  upon  the  enti 
system^  and  produces  a  state  of  peculiar  activity  and  excitebii 
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known  as  the  condition  of  "  erethism."  The  female,  distended  with 
eggs,  feels  the  impulse  which  leads  to  their  expulsion ;  while  the 
male,  bearing  the  weight  of  the  enlarged  testicles  and  the  accumu- 
lation of  newly-developed  spermatozoa,  is  impelled  by  a  similar 
sensation  to  the  discharge  of  the  spermatic  fluid.  The  two  sexes, 
accordingly,  are  led  by  instinct  at  this  season  to  frequent  the  same 
sitaations.  The  female  deposits  her  eggs  in  some  spot  favorable 
to  the  protection  and  development  of  the  young ;  after  which  the 
male,  apparently  attracted  and  stimulated  by  the  sight  of  the  new- 
laid  eggs,  discharges  the  spermatic  fluid  upon  them,  and  their 
impregnation  is  accomplished. 

In  such  instances  as  the  above,  where  the  male  and  female  gene- 
rative products  are  discharged  separately  by  the  two  sexes,  the 
subsequent  contact  of  the  eggs  with  the  spermatic  fluid  would  seem 
to  be  altogether  dependent  on  the  occurrence  of  fortuitous  circum- 
stances, and  their  impregnation,  therefore,  often  liable  to  fail.  In 
point  of  fact,  however,  the  simultaneous  functional  excitement  of 
the  two  sexes  and  the  operation  of  corresponding  instincts,  leading 
them  to  ascend  the  same  rivers  and  to  frequent  the  same  spots, 
provide  with  sufficient  certainty  for  the  impregnation  of  the  eggs. 
In  these  animals,  also,  the  number  of  eggs  produced  by  the  female 
is  very  large,  the  ovaries  being  often  so  distended  as  to  fill  nearly 
the  whole  of  the  abdominal  cavity ;  so  that,  although  many  of  the 
eggs  may  be  accidentally  lost>  a  sufficient  number  will  still  be  im- 
pregnated and  developed,  to  provide  for  the  continuation  of  the 
species. 

In  other  instances,  an  actual  contact  takes  place  between  the 
sexes  at  the  time  of  reproduction.  In  the  frog,  for  example,  the 
male  &stens  himself  upon  the  back  of  the  female  by  the  anterior 
extremities,  which  seem  to  retain  their  hold  by  a  kind  of  spasmodic 
contraction.  This  continues  for  one  or  two  days,  during  which 
time  the  mature  eggs,  which  have  been  discharged  from  the  ovary, 
are  passing  downward  through  the  oviducts.  At  last  they  are  ex- 
pelled from  the  anus,  while  at  the  same  time  the  seminal  fluid  of 
the  male  is  discharged  upon  them,  and  impregnation  takes  place. 

In  the  higher  classes  of  animals,  'however,  and  in  man,  where  the 
egg  is  to  be  retained  in  the  body  of  the  female  parent  during  its 
development,  the  spermatic  fluid  is  introduced  into  the  female 
generative  passages  by  sexual  congress,  and  meets  the  egg  at  or 
soon  nftyits  discharge  from  the  ovary.  The  same  correspondence, 
howeVUPfctween  the  periods  of  sexual  excitement  in  the  male  and 
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female,  is  visible  in  many  of  these  animals,  as  well  as  in  fish  ;iij'1 
reptiles.  Tliis  is  the  case  in  most  species  which  proiloce  young  but 
once  a  year,  and  at  a  fixed  period,  as  the  deer  and  the  wild  hog.  la 
other  species,  on  the  contran',  such  as  the  dog,  as  well  as  the  rabbit 
the  guinea  pig,  &c.,  where  several  broods  of  young  are  produced 
during  the  year,  or  where,  as  in  the  human  subject,  the  generative 
epochs  of  the  female  recur  at  short  intervals,  so  that  the  pftrticaUr 
period  of  impregBation  is  comparatively  indefinite,  the  generattTe 
apparatus  of  the  male  is  almost  constantly  in  a  state  of  fall  dete 
lopraent ;  and  is  excited  to  action  at  particular  periods,  appsrentlj 
by  .some  influence  derived  from  the  condition  of  the  female. 

In  the  quadrupeds,  accordingly,  and  in  the  human  ppecie«,  lb« 
coDtact  of  the  sperm  with  the  egg  and  the  fecundation  of  the  Utter 
take  i>lace  in  the  generative  passages  of  the  female;  either  in  iKe 
uterus,  the  Fallopian  tubes,  or  even  upon  the  surface  of  the  ov»rT; 
in  each  of  which  situations  the  spermatozoa  have  been  found,  aiift 
the  accomplishinent  of  sexual  intercourse. 
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CHAPTER  V. 

ON   PERIODICAL   OVULATION,  AND   THE  FUNCTION 
OF   MENSTRUATIO 


I.  PERIODICAL  OVULATION. 

We  have  already  spoken  in  general  terms  of  the  periodical  ripen- 
ing of  the  eggs  and  their  discharge  from  the  generative  organs  of 
the  female.  This  function  is  known  by  the  name  of  "  ovulation," 
and  may  be  considered  as  the  primary  and  most  important  act  in 
the  process  of  reproduction.  We  shall,  therefore,  enter  more  fully 
into  the  consideration  of  certain  particulars  in  regard  to  it,  by 
which  its  nature  and  conditions  may  be  more  clearly  understood. 

1st.  Eggs  exist  originally  in  tite  ovaries  of  all  animals,  as  part  of 
their  natural  structure.  In  describing  the  ovaries  of  fish  and  reptiles 
we  have  said  that  they  consist  of  nothing  more  than  Graafian  vesi- 
elea,  each  vesicle  containing  an  egg,  and  united  with  the  others  by 
loose  areolar  tissue  and  a  peritoneal  investment.  In  the  higher 
animals  and  in  the  human  subject,  the  essential  constitution  of  the 
ovary  is  the  same ;  only  its  fibrous  tissue  is  more  abundant,  so  that 
the  texture  of  the  entire  organ  is  more  dense,  and  its*  figure  more 
compact.  In  all  classes,  however,  without  exception,  the  interior 
of  each  Grraafian  vesicle  is  occupied  by  an  egg ;  and  it  is  from  this 
^g  that  the  young  offspring  is  afterward  produced. 

The  process  of  reproduction  was  formerly  regarded  as  essentially 
different  in  the  oviparous  and  the  viviparous  animals.  In  the  ovipa- 
rous classes,  such  as  most  fish,  and  all  reptiles  and  birds,  the  young 
animal  was  well  known  to  be  formed  from  an  egg  produced  by  the 
female ;  while  in  the  viviparous  animals,  or  those  which  bring 
forth  their  young  alive,  such  as  the  quadrupeds  and  the  human 
species,  the  embryo  was  supposed  to  originate  in  the  body  of  the 
.female,  by  some  altogether  peculiar  and  mysterious  process,  in 
consequence  of  sexual  intercourse.  As  soon,  however,  as  the 
microscope  began  to  be  used  in  the  examination  of  the  tissues, 
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the  ovaries  of  quadrupeds  were  also  found  to  contain  eggs.  Thett 
eggs  bad  previously  escaped  observation  on  account  of  tk»eir  simpU 
structure  and  minute  size;  V>ut  they  wurc  nevertheless  fooud  lo 
possess  all  the  most  essential  characters  belonging  to  tlie 
eggs  of  the  oviparous  animals. 

The  true  difterence  in  the  process  of  reproduction,  between 
two  classes,  is  therefore  merely  an  ajjparent,  not  a  fundamental 
In  fish,  reptiles,  and  birds,  the  egg  is  discharged  by  the  fetoale 
before  or  immediately  alter  impregnation,  and  the  embryo  is  gahit- 
quently  developed  and  hatched  externally.  In  the  quadrupeds  and 
the  human  species,  on  the  other  hand,  the  egg  is  retained  withiu 
the  body  of  the  female  until  the  embryo  is  developed;  when  tbe 
membranes  are  ruptured  and  the  young  expelled  at  the  same  time. 
In  all  classes,  however,  viviparous  as  well  as  oviparous,  the  young 
is  produced  equally  from  an  egg ;  and  in  all  classes  the  egg,  Boa»- 
times  larger  and  sometimes  smaller,  but  always  consisting  esacntialtj 
of  a  vitelLus  and  a  vitelline  membrane,  is  contained  originally  m 
the  interior  of  an  ovarian  follicle. 

The  egg  is  accordingly,  as  we  have  already  intimate<l.  an  integral 
pan  of  the  ovarian  tissue.  It  may  be  found  there  long  before  tbe 
generative  function  is  established,  and  during  the  earliest  jxsriods 
of  life.  It  may  be  found  without  difficulty  in  the  newly  bom 
female  infant,  and  may  even  be  detected  in  the  fcstus  before  both. 
Its  growth  and  nutrition,  also,  are  provideil  for  in  the  same 
ner  with  that  of  other  portions  of  the  bodily  structure. 

2d.  These  effffs  become  more  fully  dcveloptxl  al  a  certnin  agft, 
tlt£  generative  function  w  about  to  be  calabli.th»i.  During  the 
periods  of  life,  the  ovaries  and  their  contents,  like  many  other 
organs,  are  imperfectly  developetl.  They  exist,  but  they  are  «* 
yet  inactive,  and  incapable  of  performing  any  function.  In  th» 
young  chick,  for  example,  the  ovary  is  of  small  size :  and  tbe  eggm 
instead  of  presenting  the  voluminous,  yellow,  opaque  vitellus  which 
thuy  afterward  exhibit,  are  minute,  transparent,  and  colorless.  In 
the  young  quadrupeds,  and  in  the  human  female  during  iniliDcr 
and  childhood,  the  ovaries  are  equally  inactive.  They  Are  small. 
friable,  and  of  a  nearly  homogeneous  appearance  to  the  naked  eye; 
presenting  none  of  the  enlarged  follicles,  filled  with  transparent 
fluid,  which  are  afterward  so  readily  distinguished.  At  this  tim<^ 
accordingly,  the  female  is  incapable  of  l>earing  young,  becanse  the 
ovaries  are  inactive,  and  the  eggs  which  they  contain  immAtnre. 

At  a  certain  period,  however,  which  varies  in  the  time  of  its 
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occnrrenoe  for  different  species  of  animals,  the  sexnal  apparatus 
begins  to  enter  upon  a  state  of  activity.  The  ovaries  increase  in 
Gdze,  and  their  circulation  becomes  more  active.  The  eggs,  also, 
instead  of  remaining  quiescent,  take  on  a  rapid  growth,  and  the 
structure  of  the  vitellus  is  completed  bj  the  abundant  deposit  of 
oleaginous  granules  in  its  interior.  Arrived  at  this  state,  the  eggs 
are  ready  for  impregnation,  and  the  female  becomes  capable  of 
bearing  young.  She  is  then  said  to  have  arrived  at  the  state  of 
"puberty,"  or  that  condition  in  which  the  generative  organs  are 
fully  developed.  This  condition  is  accompanied  by  a  visible 
alteration  in  the  system  at  large,  which  indicates  the  complete 
development  of  the  entire  organism.  In  many  birds,  for  example, 
the  plumage  assumes  at  this  period  more  varied  and  brilliant 
colors;  and  in  the  common  fowl  the  comb,  or  "crest,"  enlarges 
and  becomes  red  and  vascular.  In  the  American  deer  (Cervus 
virginianus),  the  coat,  which  during  the  first  year  is  mottled  with 
white,  becomes  in  the  second  year  of  a  uniform  tawny  or  reddish 
tinge.  In  nearly  all  species,  the  limbs  become  more  compact  and 
the  body  more  rounded ;  and  the  whole  external  appearance  is  so 
altned,  as  to  indicate  that  the  animal  has  arrived  at  the  period  of 
puberty,  and  is  capable  of  reproduction, 

8d.  Successive  crops  of  eggs,  in  the  adult  female,  ripen  and  are 
diteharged  independently  of  sexual  intercourse.  It  was  formerly  sup- 
posed, as  we  have  mentioned  above,  that  in  the  viviparous  animals 
the  germ  was  formed  in  the  body  of  the  female  only  as  a  conse- 
quence of  sexual  intercourse.  Even  after  the  important  fact 
became  known  that  eggs  exist  originally  in  the  ovaries  of  these 
animals,  and  are  only  fecundated  by  the  influence  of  the  sperm* 
atic  fluid,  the  opinion  still  prevailed  that  the  occurrence  of  sexual 
intercourse  was  the  cause  of  their  being  discharged  from  the  ovary, 
and  that  the  rapture  of  a  Graafian  vesicle  in  this  organ  was  a 
certain  indication  that  coitus  had  taken  place. 

This  opinion,  however,  was  altogether  unfounded.  We  already 
kttow  that  in  fish  and  reptiles  the  mature  eggs  not  only  leave  the 
ovary,  but  are  actually  discharged  from  the  body  of  the  female 
while  still  unimpregnated,  and  only  subsequently  come  in  contact 
with  the  spermatic  fluid.  In  fowls,  also,  it  is  a  matter  of  common 
observation  that  the  hen  will  continue  to  lay  fully-formed  eggs,  if 
well  supplied  with  nourishment,  without  the  presence  of  the  cock ; 
only  these  eggs,  being  unimpregnated,  are  incapable  of  producing 
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chicks.     Itt  oviparous  animals,  therefore,  the  discharge  of  the 
as  well  as  its  foruiatioi),  i.s  iodepeudent  of  sexual  intercourse. 

Continued  observation  shows  this  to  be  the  case,  al.s«),  in  ib« 
viv'iparous  quadrupeds.  The  researches  of  Biscboff,  Pouchel,  ai 
Coste  have  deiiioustated  that  iu  the  sheep,  the  pig,  tlie  bitch,  t 
rabbit,  kc,  if  the  female  be  carefully  kept  from  the  male  until  artcr 
the  period  of  puberty  is  established,  and  then  killed,  examioatioc 
of  the  ovaries  will  show  that  Graafian  vesicles  have  matured,  rup- 
tured, and  discharged  their  eggs,  in  the  same  manner  as  though 
sexual  intercourse  had  taken  place.  Sometimes  the  vesicles  are 
found  distended  and  prominent  upon  the  surface  of  the  orarj; 
sometimes  recently  ruptured  and  collapsed;  and  sometimes  in  vari- 
ous stages  of  cicatri^cation  and  atrophy.  Bischoff,'  in  several  in- 
stances of  this  kind,  actually  found  the  unimpregnated  eggs  in  tin* 
oviduct,  on  their  way  to  the  cavity  of  the  uterus.  In  those  aniou^ 
iu  which  the  ripening  of  the  eggs  takes  place  at  short  intarrals>  i». 
for  example,  the  sheep,  the  pig,  and  the  cow,  it  is  very  rare  to  «*> 
mine  the  ovaries  in  any  instance  where  traces  of  a  more  or  kn 
recent  rupture  of  the  Graafian  follicles  are  not  distinctly  viable. 

One  of  the  most  important  facts,  derived  from  the  examinatian 
of  such  riases  as  the  above,  is  that  the  ovarian  eggs  become  d«?vis 
loped  and  arc  discharged  in  successive  crops,  which  follow  cart 
other  regularly  at  periodical  intervals.  If  we  examine  the  ovirr 
of  the  fowl,  for  example  (Fig.  190),  we  see  nt  a  glance  how  the  e^« 
grow  and  ripen,  one  after  the  other,  like  fruit  upon  a  vine,  Iu  this 
instance,  the  process  of  evolution  is  very  rapid ;  and  it  is  easy  to 
distinguish,  at  the  same  time,  eggs  which  are  almost  microscopic  in 
size,  colorless,  and  transpai-ent ;  those  which  are  larger,  firtiwir, 
somewhat  opaline,  and  yellowish  in  hue ;  and  finally  those  whtcl 
are  fully  developed,  opaque,  of  a  deep  orange  color,  and  just  rcadj 
to  leave  the  ovary. 

It  will  be  observed  that  in  this  instance  the  difference  between 
the  undeveloped  and  the  mature  eggs  consists  principally  io  tb< 
size  of  the  vitellus,  which  is  furthermore,  for  reasons  previoosly 
given  (Chap.  III.),  very  much  larger  than  in  the  quadrupeds^  II 
is  also  seen  that  it  is  the  increased  size  of  the  vitellus  a]oM;  by 
which  the  ovarian  follicle  is  distended  and  ruptured,  and  Uie  40 
finally  discharged. 
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In  the  human  species  and  the  quadrupeds,  on  the  other  hand, 
the  microscopic  egg  never  becomes  large  enough  to  distend  the 
follicle  by  its  own  size.  The  rupture  of  the  follicle  and  the  libera- 
tion of  the  egg  are  accordingly  provided  for,  in  these  instances,  by 
a  totally  different  mechanism. 

In  the  earlier  periods  of  life,  in  man  and  the  higher  animals,  the 
^g  is  contained  in  a  Graafian  follicle  which  closely  embraces  its 
exterior,  and  is  consequently  hardly  larger  than  the  egg  itself.  As 
puberty  approaches,  those  follicles  which  are  situated  near  the  free 
surface  of  the  ovary  become  enlarged  by  the  accumulation  of  a 
colorless  serous  fluid  in  their  cavity.  We  then  find  that  the  ovary, 
when  cut  open,  shows  a  considerable  number  of  globular,  transpa- 
rent vesicles,  readily  perceptible  by  the  eye,  the  smaller  of  which 
are  deep  seated,  but  which  increase  in  size  as  they  approach  the 
free  surface  of  the  organ.  These  vesicles  are  the  Graafian  follicles, 
which,  in  consequence  of  the  advancing  maturity  of  the  eggs  con- 
tained in  them,  gradually  enlarge  as  the  period  of  generation  ap- 
proaches. 

The  Graafian  follicle  at  this  time  consists  of  a  closed  globular 
sac  or  vesicle,  the  external  wall  of  which,  though  quite  translucent 
has  a  fibrous  texture  under  the  microscope  and  is  well  supplied 
with  bloodvessels.  This  fibrous  and  vascular  wall  is  distinguished 
by  the  name  of  the  "  membrane  of  the  vesicle."  It  is  not  very 
firm  in  texture,  and  if  roughly  handled  is  easily  ruptured. 

The  membrane  of  the  vesicle  is  lined  throughout  by  a  thin  layer 
of  minute  granular  cells,  which  form  for  it  a  kind  of  epithelium, 
similar  to  the  epithelium  of  the  pleura,  pericardium,  and  other 
serous  membranes.  This  layer  is  termed  the  memhrana  granulosa. 
It  adheres  but  slightly  to  the  membrane  of  the  vesicle,  and  may 
easily  be  detached  by  careless  manipulation  before  the  vesicle  is 
(^ned,  being  then  mingled,  in  the  form  of  light  flakes  and  shreds, 
with  the  serous  fluid  contained  in  the  vesicle. 

At  the  most  superficial  part  of  the  Graafian  follicle,  or  that 
which  is  nearest  the  surface  of  the  ovary,  the  membrana  granulosa 
is  thicker  than  elsewhere.  Its  cells  are  here  accumulated,  in  a 
kind  of  mound  or  "heap,"  which  has  received  the  name  of  the 
wimulua  proUgerus.  It  is  sometimes  called  the  discus  proligerus, 
because  the  thickened  mass,  when  viewed  from  above,  has  a  some- 
what circular  or  disk-like  form.  In  the  centre  of  this  thickened 
portion  of  the  membrana  granulosa  the  egg  is  imbedded.    It  is 
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accordingly  always  situated  at  the  most  superficial  j>ortion  of 
follicle,  and  advances  in  this  way  toward  the  surface  of  the  o« 
As  the  period  approaches  at  which  the  egg  is  destine*!  to  be 
charged,  the  Graafian  follicle  becomes  more  vascular,  and  enlar 
by  an  increased  exudation  of  serum  into  its  cavity.     It  then  begu*"^ 

Fig.  196. 
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to  project  from  the  surface  of  the  ovary,  still  covered  by  the  ift«H 
gineous  tunic  and  the  peritoneum.  (Fig.  195.)  The  constant  Mn>j 
mulatlon  of  fluid,  however,  in  the  follicle,  exerts  such  a  steady  tn4| 
increasing  pressure  from  within  outward,  that  the  albugineoos  tooitfj 
and  the  peritoneum  successively  yield  before  it;  until  the  Gra»fij«| 
follicle  protrudes  from  the  ovary  as  a  tense,  rounded,  iransliieenlj 

vesicle,  in  which  the  seoae 
^*^'  ^'^^'  fluctuation  can  be  readily  p«^] 

ceived  on  applying  the  finger 
to  its  surface.     Finally,  the  pioJ 
ce.ss  of  effusion  and  dislcww 
still  going  on.  the  wall  \\i  ib«| 
vcaicle  yields  at  its  roost  proini' 
uent  portion,  the  contained  flu 
is  ilriven  out  with  agush,bjribi^ 
reaction   and    elasticity  of 
neighboring  ovarian  tissoeM 
rying  with  it  the  egg,  still  tOfS 
tangled  in  the  cells  of  the  ]>n>> 
ligerous  disk. 

The  rupture  of  the  Graafian 
vesicle  is  accompanied,  in  some  instances,  by  an  abundant  hemor- 
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rbage,  which  takes  place  from  the  internal  surface  of  the  congested 
follicle,  and  by  which  its  cavity  is  filled  with  blood.  This  occurs 
in  the  human  subject  and  in  the  pig,  and  to  a  certain  extent,  also,  in 
other  of  the  lower  animals. '  Sometimes,  as  in  the  cow,  where  no 
hemorrhage  takes  place,  the  Graafian  vesicle  when  ruptured 
amply  collapses ;  after  which  a  slight  exudation,  more  or  less  tinged 
with  blood,  is  poured  out  during  the  course  of  a  few  hours. 

Notwithstanding,'  however,  these  slight  variations,  the  expulsion 
of  the  egg  takes  place,  in  the  higher  animals,  always  in  the  manner 
above  described,  viz.,  by  the  accumulation  of  serous  fluid  in  the 
cavity  of  the  Graafian  follicle,  by  which  its  walls  are  gradually  dis- 
tended and  finally  ruptured. 

This  process  takes  place  in  one  or  more  Graafian  follicles  at  a 
time,  according  to  the  number  of  young  which  the  animal  produces 
at  a  birth.  In  the  bitch  and  the  sow,  where  each  litter  consists  of 
from  six  to  twenty  young  ones,  a  similar  number  of  eggs  ripen  and 
are  discharged  at  each  period.  In  the  mare,  in  the  cow,  and  in  the 
human  female,  where  there  is  usually  but  one  foetus  at  a  birth,  the 
^Igs  are  matured  singly,  and  the  Graafian  vesicles  ruptured,  one 
after  another,  at  successive  periods  of  ovulation. 

4th,  The  ripenii^g  and  discharge  of  the  egg  are  accompanied  by  a 
peculiar  condition  of  the  entire  system,  known  as  tlie  "  rutting"  condi- 
tion, or  "oBstniationy  The  peculiar  congestion  and  ftmctional 
activity  of  the  ovaries  at  each  period  of  ovulation,  act  by  sympathy 
upon  the  other  generative  organs  and  produce  in  them  a  greater  or 
less  degree  of  excitement,  according  to  the  particular  species  of  ani- 
mal. Almost  always  there  is  a  certain  amount  of  congestion  of  the 
entire  generative  apparatus;  Fallopian  tubes,  uterus,  vagina,  and 
external  organs.  The  secretions  of  the  vagina  and  neighboring 
parts  are  more  particularly  affected,  being  usually  increased  in  quan- 
tity and  at  the  same  time  altered  in  quality.  In  the  bitch,  the 
vaginal  mucous  membrane  becomes  red  and  tumefied,  and  pours 
out  an  abundant  secretion  which  is  often  more  or  less  tinged  with 
blood.  The  secretions  acquire  also  at  this  time  a  peculiar  odor, 
which  appears  to  attract  the  male,  and  to  excite  in  him  the  sexual 
impulse.  An  unusual  tumefaction  and  redness  of  the  vagina  and 
vulva  are  also  very  perceptible  in  the  rabbit ;  and  in  some  species 
of  apes  it  has  been  observed  that  these  periods  are  accompanied 
not  only  by  a  bloody  discharge  from  the  vulva,  but  also  by  an  en- 
gorgement and  infiltration  of  the  neighboring  parts,  extending  even 
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to  tho  skin  of  the  buttocks,  the  thighs,  and  the  uader  part  of  tltf 
tail' 

The  system  at  large  is  also  visibly  affected  by  the  process  going 
on  in  the  ovary.  Id  the  cow,  for  exarni)le.  tlie  approach  i>f  as 
oestrual  period  is  marked  by  an  unusual  restlessness  and  agiuaion. 
easily  recognized  by  an  ordinary  observer.  The  animal  piiniallt 
loses  her  appetite.  She  frequently  st<ips  browsing,  looks  aVxtul  nn. 
easily,  perhaps  runs  from  one  side  of  the  field  to  the  other,  and  th« 
recommences  feeding,  to  be  disturbed  again  in  a  similar  manncx 
after  a  short  interval.  Her  molions  are  rapid  and  nervoas^  aod 
hide  often  rough  and  disordered;  and  the  whole  asjject  of  *' 
mal  indicates  the  presence  of  some  unusual  excitement. 
condition  is  fully  established,  the  vaginal  secretioDa  show  then- 
selves  in  unusual  abundance,  and  so  continue  for  one  or  twodtji; 
after  which  the  symptoms,  both  local  and  general,  subside 
neously,  and  the  animal  returns  to  her  usual  condition. 

It  h  a  remarkable  fact,  in  this  connection,  that  tho  fe 
these  animals  will  allow  the  approaches  of  the  male  only  duriug 
immediately  after  the  oostrual  period;  that  is,  just  when  the  egg i* 
recentl}''  discharged,  and  ready  for  impregnation.     At  other  tini' 
when  sexual  intercourse  would  be  necessarily  fruitless,  the  instio< 
of  the  animal  leads  her  to  avoid  it;  and  the  concourse  of  the  atxd 
is  accordingly  made  to  correspond  in  time  with  the  maturity  of  the 
egg  and  its  aptitude  for  fecundation. 


II.  MENSTRUATION. 
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In  the  human  female,  the  return  of  the  period  of  ovuUtian 
marked  by  a  peculiar  group  of  phenomena  which  are  known  ■* 
mruitruali'm,  and  which  are  of  sufficient  importance  to  be  described 
by  themselves. 

During  infancy  and  childhood  the  sexual  system,  as  wc  ha' 
mentioned  above,  is  inactive.     No  discharge  of  eggs  takes  pi 
from  the  ovaries,  and   no  external   phenomena   show  thems«lrea^ 
connected  with  the  reproductive  function. 

At  the  age  of  fourteen  or  fifteen  years,  however,  a  change  bcgiiu 
to  manifest  itself.  The  limbs  become  rounder,  the  breasts  increase 
in  size,  and  the  entire  aspect  undergoes  a  peculiar  alteration,  which 
indicates  the  approaching  condition  of  maturity.  At  the  same 
time  a  discharge  of  blood  takes  place  from  the  generative  paaaagenk 
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accompanied  by  some  disturbance  of  the  general  system,  and  the 
female  is  then  known  to  have  arrived  at  the  period  of  puberty. 

Afterward,  the  bloody  discharge  just  spoken  of  returns  at  regular 
intervals  of  four  weeks ;  and,  on  account  of  this  recurrence  corres- 
ponding with  the  passage  of  successive  lunar  months,  its  phenomena 
are  designated  by  the  name  of  the  "menses"  or  the  "menstrual 
periods."  The  menses  return  with  regularity,  from  the  time  of 
their  first  appearance,  until  the  age  of  about  forty-five  years. 
I>uring  this  period,  the  female  is  capable  of  bearing  children,  and 
sexual  intercourse  is  liable  to  be  followed  by  pregnancy.  After 
the  forty -fifth  year,  the  periods  first  become  irregular,  and  then 
cease  altogether ;  and  their  final  disappearance  is  an  indication  that 
the  woman  is  no  longer  fertile,  and  that  pregnancy  cannot  again 
take  place. 

Even  during  the  period  above  referred  to,  from  the  age  of  fifteen 
to  forty-five,  the  regularity  and  completeness  of  the  menstrual 
periods  indicate  to  a  great  extent  the  aptitude  of  individual  females 
for  impregnation.  It  is  well  known  that  all  those  causes  of  ill 
health  which  derange  menstruation  are  apt  at  the  same  time  to 
interfere  with  pregnancy ;  so  that  women  whose  menses  are  habi- 
tually regular  and  natural  are  much  more  likely  to  become  preg- 
nant, after  sexual  intercourse,  than  those  in  whom  the  periods  are 
absent  or  irregular. 

If  pregnancy  happen  to  take  place,  however,  at  any  time  during 
the  child-bearing  period,  the  menses  are  suspended  during  the  con- 
tinuance of  gestation,  and  usually  remain  absent,  after  delivery,  as 
long  as  the  woman  continues  to  nurse  her  child.  They  then  re- 
commence and  subsequently  continue  to  appear  as  before. 

The  menstrual  discharge  consists  of  an  abundant  secretion  of 
mncus  mingled  with  blood.  When  the  expected  period  is  about 
to  come  on,  the  female  is  affected  with  a  certain  degree  of  discomfort 
and  lassitude,  a  sense  of  weight  in  the  pelvis,  and  more  or  less  dis- 
inclination to  society.  These  symptoms  are  in  some  instances 
slightly  pronounced,  in  others  more  troublesome.  An  unusual 
discharge  of  vaginal  mucus  then  begins  to  take  place,  which  soon 
becomes  yellowish  or  rusty  brown  in  color,  from  the  admixture  of 
a  certain  proportion  of  blood ;  and  by  the  second  or  third  day  the 
discharge  has  the  appearance  of  nearly  pure  blood.  The  unpleasant 
sensations  which  were  at  first  manifest  then  usually  subside;  and 
the  discharge,  after  continuing  for  a  certain  period,  begins  to  grow 
more  scanty.    Its  color  changes  from  a  pure  red  to  a  brownish  or 
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rusty  tinge,  until  it  tinally  disappears  altogether,  and  the  femak 
returns  to  her  ordinary  condition. 

The  menstrual  epochs  of  the  human  female  correspond  wHh  the 
periods  of  cestruation  in  the  lower  animals.  Their  gen<?nil  resem- 
blance to  these  periods  is  too  evident  to  require  demonstntkm. 
Like  thetn^  they  are  absent  in  the  immature  female;  and  b^ 
to  take  place  only  at  the  period  of  puberty,  when  the  aptitado  hr 
impregnation  commences.  Like  them,  tbey  recur  during  thechiJd 
bearing  period  at  regular  intervals;  and  are  liable  to  the  sanw 
interruption  by  pregnancy  and  lactation.  Finally,  their  disappear- 
ance corresponds  with  the  cessation  of  fertility. 

The  period.s  of  cestruation,  furthermore,  in  many  of  ibe  Ivwn 
animals,  are  accompanied,  as  we  have  already  seen,  with  an  uooml 
discharge  from  the  generative  passages;  and  this  dLscbari^  b  frf 
quently  more  or  less  tinged  with  blood.  In  the  human  female  tbf 
bloody  discharge  is  more  abundant  than  iu  other  im^tanoca,  bat  ti 
is  evidently  a  phenomenon  difi'ering  only  in  degree  from  that  whidi 
shows  itself  in  many  species  of  animals. 

The  most  complete  evidence,  however,  that  the  period  of  men- 
struation is  in  reality  that  of  ovulation,  is  derived  from  the  ramhe 
of  direct  observation.  A  sufficient  number  of  instances  hare  now 
been  observed  to  show  that  at  the  menstrual  epoch  a  Orufiia 
vesicle  becomes  enlarged,  ruptures,  and  discharges  its  egg.  Croik- 
shank'  noticed  such  a  case  so  long  ago  as  1797.  Negrier*  relate* 
two  instances,  communicated  to  him  by  Dr.  OUivier  d'Angen  to 
which,  after  sudden  death  during  menstruation,  a  bloody  and  rup- 
tured Graafian  vesicle  was  found  in  the  ovary.  Bischoff  gpeaksof 
four  similar  cases  in  his  own  observation,  iu  three  of  which  the 
vesicle  was  just  ruptured,  and  in  the  fourth  distended,  promioeai, 
and  ready  to  burst.  Coste*  has  met  with  several  of  the  esame  kmd. 
Dr.  MiclicP  found  a  vesicle  ruptured  and  filled  with  blood  in  a 
wornau  who  was  executed  for  murder  while  the  menses  were  pre- 
sent.  We  have  also'^  met  with  the  same  appearances  in  a  caae  el 
death  from  acute  disease,  on  the  second  day  of  menstniatioiL 

'  London  Fliilosophionl  Transactions,  1797,  p.  136. 
'  RecbercliBS  sur  lea  Oraires,  Paris,  1840,  p.  78. 

*  Aunalwa  des  Sciences  Naturelles,  Aagnst,  1844. 

*  Hiatoiro  da  Uevelopperaent  dea  Corps  Organises,  Paru,  1847,  ToL  I.  p.  tST 

*  Am.  Joum.  Med.  Sci.,  July,  1848. 

*  Corpus  Lntetim  of  Menstruation  nnd  PregnancT',  ta  TnuuMtiODt  of 
Medical  Aasooiation,  ?hilad«Ipliiai  1651. 


VSMSTBUATION.  693 

The  process  of  ovulation,  accordingly,  in  tbe  human  female, 
accompanies  and  forms  a  part  of  that  of  menstruation.  As  the 
menstrual  period  comes  on,  a  congestion  takes  place  in  nearly  the 
whole  of  the  generative  apparatus ;  in  tbe  Fallopian  tubes  and  the 
uterus,  as  well  as  in  the  ovaries  and  their  contents.  One  of  the 
Graafian  follicles  is  more  especially  the  seat  of  an  unusual  vascular 
excitement  It  becomes  distended  by  the  fluid  which  accumulates 
in  its  cavity,  projects  from  the  surface  of  the  ovary,  and  is  finally 
raptured  in  the  same  manner  as  we  have  already  described  this 
process  taking  place  in  the  lower  animals. 

It  is  not  quite  certain  at  what  particular  period  of  the  menstrual 
flow  the  rupture  of  the  vesicle  and  discharge  of  the  egg  take  place. 
It  is  the  opinion  of  Bischofif,  Pouchet,  and  Baciborski,  that  the 
r^ular  time  for  this  rupture  and  discharge  is  not  at  the  commence* 
znent,  but  towards  the  termination  of  the  period.  Coste*  has  ascer- 
tained, from  his  observations,  that  the  vesicle  ruptures  sometimes 
in  the  early  part  of  the  menstrual  epoch,  and  sometimes  later.  So 
&r  as  we  can  learn,  therefore,  the  precise  period  of  the  discharge 
oi  the  egg  is  not  invariable.  Like  the  menses  themselves,  it  may 
apparently  take  place  a  little  earlier,  or  a  little  later,  according  to 
various  accidental  circumstances;  but  it  always  occurs  at  some 
time  in  connection  with  the  menstrual  flow,,  and  constitutes  the 
most  essential  and  important  part  of  the  catamenial  process. 

The  egg,  when  discharged  from  the  ovary,  enters  the  fimbriated 
extremity  of  the  Fallopian  tube,  and  commences  its  passage  toward 
the  uterus.  The  mechanism  by  which  it  finds  its  way  into  and 
through  the  Fallopian  tube  is  different,  in  the  quadrupeds  and  the 
human  species,  and  in  birds  and  reptiles.  In  the  latter,  the  bulk 
<^  the  egg  or  mass  of  eggs  discharged  is  so  great  as  to  fill  entirely 
the  wide  extremity  of  the  oviduct,  and  they  are  afterward  conveyed 
downward  by  the  peristaltic  action  of  the  muscular  coat  of  this 
oanal.  In  the  higher  classes,  on  the  contrary,  the  egg  is  micro- 
Boopic  in  size,  and  would  be  liable  to  be  lost,  were  there  not  some 
further  provision  for  its  safety.  The  wide  extremity  of  the  Fallo- 
pian tube,  accordingly,  which  is  here  directed  toward  the  ovary,  is 
lined  with  ciliated  epithelium;  and  the  movement  of  the  cilia, 
which  is  directed  from  the  ovary  toward  the  uterus,  produces  a 
kind  of  converging  stream,  or  vortex,  by  which  the  egg  is  neces- 
sarily drawn  toward  the  narrow  portion  of  the  tube,  and  subse^ 
qoently  conducted  to  the  cavity  of  the  uterus. 

'  Loo  cit. 
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Accidental  causes,  however,  sometimes  disturb  this  regular  coune 
or  passage  of  the  egg.  The  egg  roaj  be  arrested,  for  exampH 
at  the  surface  of  the  ovary,  and  so  fail  to  enter  the  tube  at  »ll 
If  fecundated  in  this  situation,  it  will  then  give  rise  to  "oranan 
pregnancy."  It  may  escape  from  the  fimbriated  extremity  into  tba 
peritoneal  cavity,  and  form  attachments  to  some  one  of  the  neigh* 
boring  organs,  cnasing  "abdominal  pregnancy;"  or  iinally.  it  naf 
stop  at  any  part  of  the  Fallopian  tube,  and  so  gire  origin  to  '  tubal 
pregnancy." 

The  egg,  immediately  upon  its  discharge  from  the  ovary,  is  reaij 
for  impregnation.  If  sexual  intercourse  happen  to  take  place  about 
that  time,  the  egg  and  the  spermatic  fluid  meet  in  some  part  of  dtf 
female  generative  passages,  and  fecundation  is  accomplished,  ft 
appears  from  various  observations  of  BischofF,  Coste,  and  oth«n^ 
that  this  contact  may  take  place  between  the  egg  and  the  bfNtfm, 
either  in  the  uterus  or  any  part  of  the  Fallopian  tubes»  or  enn 
upon  the  surface  of  the  ovary.  If,  on  the  other  hand,  coitus  do  Mt 
take  place,  tlie  egg  passes  down  to  the  uterus  unimpreguuted.  Iumi 
its  vitality  atlcr  a  short  time,  and  is  finally  carried  away  with  tkl 
uterine  secretions. 

It  is  easily  understood,  therefore,  why  sexual  intercourse  si 
be  more  liable  to  be  followed  by  pregnancy  when  it  occurs  about 
the  menstrual  epoch  than  at  other  times.     This  fact,  which  was  long 
since  established  as  a  matter  of  observation  by  practical  obstetri* 
cians,  depends  simply  upon  the  coincidence  in  time  between  n»«9>* 
struation  and  the  discharge  of  the  egg.     Before  its  dLscbarge.  tb« 
egg  is  immature,  and  unprepared  for  impregnation ;  and  aAer  tba 
menstrual  period  has  passe<.l,  it  gradually  loses  its  freshness  aad  h 
vitality.     The  exact  length  of  time,  however,  preceding  and  loUow*  | 
ing  the  menses,  during  which  impregnation  is  still  possible,  has  not 
been  ascertained.     The  spermatic  fluid,  on  the  one  hand,  retatmili 
vitality  for  an  unknown  period  after  coition,  and  the  eigg  for  IB 
unknowu  period  after  its  discharge.    Both  these  occurrences  may, 
therefore,  either  precede  or  follow  each  other  within  certain  Itinil^ 
and  impregnation  be  still  possible ;  but  the  precise  extent  of  tJi«e     ' 
limits  is  still  uncertain,  and  is  probably  more  or  less  variable  in  fl 
different  individuala. 

The  above  facts  indicate  also  the  true  explanation  of  oertaia 
exceptional  cases,  which  have  sometimes  been  observed,  in  which 
fertility  exists  without  menstruation.  Various  authors  (Chorohiil, 
Ueid,  Velpeau,  &c.)  have  related  instances  of  fruitful  women  in  wlwo 
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the  menses  were  very  scanty  and  irregular,  or  even  entirely  absent 
The  menstrual  flow  is,  in  fact,  only  the  external  sign  and  accompa- 
niment of  a  more  important  process  taking  place  within.  It  is 
habitaallj  scanty  in  some  individuals,  and  abundant  in  others. 
Such  variations  depend  upon  the  condition  of  vascular  activity  of 
the  system  at  large,  or  of  the  uterine  organs  in  particular;  and 
though  the  bloody  discharge  is  usually  an  index  of  the  general 
aptitude  of  these  organs  for  successful  impregnation,  it  is  not  an 
alraolute  or  necessary  requisite.  Provided  a  mature  egg  be  dis- 
charged from  the  ovary  at  the  appointed  period,  menstruation  pro- 
perly speaking  exists,  and  pregnancy  is  possible. 

The  blood  which  escapes  during  the  menstrual  flow  is  supplied 
by  the  uterine  mucous  membrane.  If  the  cavity  of  the  uterus  be 
examined  after  death  during  menstruation,  its  internal  surface  is 
seen  to  be  smeared  with  a  thickish  bloody  fluid,  which  may  be 
traced  through  the  uterine  cervix  and  into  the  vagina.  The  Fallo- 
pian tubes  themselves  are  sometimes  found  exce^ively  congested, 
and  filled  with  a  similar  bloody  discharge.  The  menstrual  blood 
has  also  been  seen  to  exude  from  the  uterine  orifice  in  cases  of  pro- 
cidentia uteri,  as  well  as  in  the  natural  condition  by  examination 
trith  the  vaginal  speculum.  It  is  discharged  by  a  kind  of  capillary 
luraaorrhage,  similar  to  that  which  takes  place  from  the  lungs  in 
cases  of  hemoptysis,  only  less  sudden  and  violent.  The  blood  does 
not  form  any  visible  coagulum,  owing  to  its  being  gradually  exuded 
firom  many  minute  points,  and  mingled  with  a  large  quantity  of 
mucus.  When  poured  out,  however,  more  rapidly  or  in  larger 
qoantity  than  usual,  as  in  cases  of  menorrhagia,  the  menstrual  blood 
cosgulates  in  the  same  manner  as  if  derived  from  any  other  source. 
The  hemorrhage  which  supplies  it  comes  from  the  whole  extent  of 
the  mucous  membrane  of  the  body  of  the  uterus,  and  is,  at  the  same 
time^  the  consequence  and  the  natural  termination  of  the  periodical 
congestion  of  the  parts. 
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CHAPTER    VI. 

ON  THE  OOBPUS  LUTEUM  OF  MENSTRUATION 
AND  PEEGNANCY. 


After  the  ixipture  of  the  Graafian  follicle  at  the  menstnuJ 
period,  a  bloody  cavity  is  left  in  the  ovary,  which  is  gubseqoentlj 
obliterated  by  a  kind  of  granulating  process,  somewhat  similar  in 
character  to  the  healing  of  an  abscess.  For  the  Graafian  follick 
is  intended  simply  for  the  formation  and  growth  of  the  tgg. 
After  the  egg  therefore  has  arrived  at  maturity  and  has  been  dis- 
charged, the  Graafian  follicle  has  no  longer  any  function  to  per- 
form. It  then  only  remains  for  it  to  pass  through  a  process  of 
obliteration  and  atrophy,  as  an  organ  which  has  become  xiseleM 
and  obsolete.  While  undergoing  this  process,  the  Graafian  follicle 
is  at  one  time  converted  into  a  peculiar,  solid,  globular  body,  which 
is  called  the  corpus  luteum ;  a  name  given  to  it  on  account  of  the 
yellow  color  which  it  acquires  at  a  certain  period  of  its  formadoo. 

We  shall  proceed  to  describe  the  corpus  luteum  ia  the  haouo 
species;  first,  as  it  follows  the  ordinary  course  of  developmaoi 
after  menstruation ;  and  secondly,  as  it  is  modified  in  its  growA 
and  appearance  during  the  existence  of  pregnancy. 


I.   CORPUS  LDTBUM  OP  MENSTRUATION. 

We  have  already  described,  in  the  preceding  chapter,  the 
Ber  in  which  a  Graafian  follicle,  at  each  menstrual  epoch,  swells 
protrudes  from  the  surface  of  the  ovary,  and  at  last  niptores  and 
discharges  its  egg.  At  the  moment  of  rupture,  or  immediately 
after  it,  an  abundant  hemorrhage  takes  place  in  the  human  gut^  ■ 
ject  from  the  vessels  of  the  follicle,  by  which  ita  cavity  ia  filled  ■ 
with  blood.  This  blood  coagulates  soon  after  its  exudation,  a» 
it  would  do  if  extravasated  in  any  other  part  of  the  body,  and 
the  coacrulum  is  retained  in  the  interior  of  the  Graafian  follicle. 
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The  opening  by  which  the  egg  makes  its  escape  is  usually  not  an 
extensive  laceratiou,  but  a  minute  rounded  perforation,  often  not 
more  than  half  a  line  in  diameter.  A  small  probe,  introduced 
through  this  opening,  passes  directly  into  the 
cavity  of  the  follicle.  If  the  Graafian  follicle 
be  opened  at  this  time  by  a  longitudinal  inci- 
sion (Fig.  197),  it  will  be  seen  to  form  a  globu- 
lar cavity,  one-half  to  three-quarters  of  an 
inch  in  diameter,  containing  a  soft,  recent, 
dark-colored  coagulum.  This  coagulum  has 
no  organic  connection  with  the  walls  of  the 
follicle,  but  lies  loose  in  its  cavity  and  may  be 
easily  turned  out  with  the  handle  of  a  knife. 
There  is  sometimes  a  slight  mechanical  adhe- 
sion of  the  clot  to  the  edges  of  the  lacerated 
opening,  just  as  the  coagulum  in  a  recently 
ligatured  artery  is  entangled  by  the  divided 
edges  of  the  internal  and  middle  coats;  but 
tbere  is  no  continuity  of  substance  between 
them,  and  the  clot  may  be  everywhere  readily 
separated  by  careful  manipulation.  The  mem- 
brane of  the  vesicle  presents  at  this  time  a  smooth,  transparent,  and 
vascular  internal  surface,  without  any  alteration  of  color,  consistency, 
or  texture. 

An  important  change,  however,  soon  begins  to  take  place,  both 
in  the  central  coagulum  and  in  the  membrane  of  the  vesicle. 

The  clot,  which  is  at  first  large,  soft,  and  gelatinous,  like  any 
other  mass  of  coagulated  blood,  begins  to  contract;  and  the  serum 
separates  from  the  coagulum  proper.  The  serum,  as  fast  as  it 
separates  from  the  coagulum,  is  absorbed  by  the  neighboring  parts ; 
and  the  clot,  accordingly,  grows  every  day  smaller  and  denser  than 
before.  At  the  same  time  the  coloring  matter  of  the  blood  under- 
goes the  changes  which  usually  take  place  in  it  after  extravasation, 
and  is  partially  reabsorbed  together  with  the  serum.  This  second 
change  is  somewhat  less  rapid  than  the  former,  but  still  a  diminu- 
tion of  color  is  very  perceptible  in  the  clot,  at  the  expiration  of 
two  weeks. 

The  membrane  of  the  vesicTe  during  this  time  is  beginning  to 
undergo  a  process  of  hypertrophy  or  development,  by  which  it 
becomes  thickened  and  convoluted,  and  tends  partially  to  fill  up 
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cavitj  of  the  follicle.  1'liis  hjpertrophj  and  convolatioQ  ol 
the  membrane  just  named  coniuieuces  and  proceeds  most  rapidly 
at  tiie  deeper  part  of  the  follicle,  directly  opposite  the  sitaatiou  of 
the  superficial  rupture.  From  this  point  the  membrane  grndoftilj 
becomes  thinner  and  less  convoluted  as  it  approaches  the  sorlioe 
of  the  ovary  and  the  edges  of  the  ruptured  orifice. 

At  the  end  of  three  weeks,  thia  hypertrophy  of  the  membnuK  of 
the  vesicle  has  reached  its  raaximum.  The  ruptured  Graafian  fol- 
licle has  now  become  so  completely  solidified  by  the  new  grovth 
above  described,  and  by  the  condensation  of  ita  clot,  that  it  reoeivti 
the  name  of  the  corptts  hUeurn.  It  forms  a  perceptible  promioeDoe 
on  the  surface  of  the  ovary,  and  may  bo  felt  between  the  fingers 
as  a  well-defined  roundeil  tumor,  which  is  nearly  always  somewbfti 
flattened  from  side  to  side.     It  measui'es  about  three-quarters  of  an 

inch  in  length  and  half  an  inch  la 
depth.  On  itii  surfaoe  may  be  seen  a 
minute  cicatrix  of  the  peritooeonv 
occupying  the  spot  of  the  origiiul 
rupture. 

On  cutting  it  open  at  this  time  (Fig. 
198),  the  corpus  luieum  is  seen  toooO' 
gist,  as  above  described,  of  a  ocDtial 
coagulum  and  a  convoluted  valL 
The  coagulUm  h  semi-transparent^  of 
a  gray  or  light  greenish  color,  more 
or  less  mottled  with  red.  The  coth 
voluted  wall  is  about  one-eighth  of 
an  inch  thick  at  its  deepest  part»  and 
of  an  indefinite  yellowish  or  nosT 
hue,  not  very  different  in  tioge  inm 
the  rest  of  the  ovarian  tissue.  The  convoluteil  wall  and  the  eM> 
twined  clot  lie  simply  in  contact  with  each  other,  as  at  first,  witboot 
any  intervening  membrane  or  other  organic  connection ;  and  ihcy 
may  still  be  readily  separated  from  each  other  by  the  handle  of  a 
knife  or  the  f].attened  end  of  a  probe.  The  corpus  luteum  at  tUl 
time  may  also  be  stripped  out,  or  enucle-ated  entire,  from  the  oTarioa 
tissue,  just  as  might  have  lieen  done  with  the  Graafian  follicle  pr* 
vinisly  to  its  rupture.  When  enucleated  in  this  waVi  the  cofpiM 
luteum  presents  itself  under  the  form  of  a  solid  globular  or  flat- 
tened tumor,  with  convolutions  up<m  it  somewhat  aimilar  in  ap- 
pearance to  those  of  the  brain,  and  covered  with  the  remiUtM  of 
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the  areolar  tissue,  by  which  it  was  previously  connected  with  the 
substance  of  the  ovary. 

After  the  third  week  from  the  close  of  menstruation,  the  corpus 
luteum  passed  into  a  retrograde  condition.  It  diminishes  pon^ip- 
libly  in  size,  and  the  central  coagulum  con- 
tinues to  be  absorbed  and  loses  still  farther 
it8  coloring  matter.  The  whole  body  under- 
goes  a  process  of  partial  atrophy;  and  at 
the  end  of  the  fourth  week  it  is  not  more 
than  three-eighths  of  an  inch  in  ita  longest 
diameter.  (Fig,  199.)  The  external  cicatrix 
may  still  usually  bo  seen,  as  well  as  the 
point  where  the  central  coagulutn  comes 
iu  contact  with  the  peritoneum.  There  is 
still  no  organic  connection  between  the 
central  coaguium  aiul  the  convoluted  wall; 
but  the  partial  condemnation  of  the  clot  and 
the  continued  folding  of  the  wall  prevent  the 
separation  of  the  two  being  so  easily  accom- 
plished as  before,  though  it  may  still  be 
effected  by  careful  management.  The  entire  corpus  hiteum  mav 
also  still  be  extracted  from  its  bed  in  the  ovarian  tissue. 

The  color  of  the  convoluted  wall,  during  the  early  part  of  this 
retrograde  stage,  instead  of  fading,  like  that  of  the  fibrinous  coagu- 
ium, becomes  more  strongly  marked.  From  having  a  dull  yellowish 
or  rosy  hue,  as  at  first,  it  gradually  as- 
sumes a  brigliter  and  more  decided  yellow. 
This  change  of  color  in  the  convoluted 
wall  is  protiuced  in  consequence  of  a 
kind  of  fatty  degeneration  which  takes 
place  in  ita  texture ;  a  large  quantity  of  oil- 
globules  being  deposited  in  it  at  this  time, 
as  may  be  readily  recognized  under  the 
microscope.  At  the  end  of  the  fourth 
week,  this  alteration  in  hue  is  complete ; 
and  the  outer  wall  of  the  corpus  luteum 
ia  then  of  a  clear  chrome-yellow  color,  by 
which  it  is  readily  distinguished  from  all 
the  neighboring  tissues. 

After  this  period,  the  process  of  atrophy 
and  degeneration  goea  on  rapidly.     The  clot  becomes  constantly 
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more  dense  and  sbrivelled,  and  is  soon  converted  into  a  minnte 
Btellate,  white,  or  reddish-white  cicatrix.  The  vellow  wall  beoomct 
softer  and  more  friable,  as  is  the  case  with  all  tissues  undergoing 
fatty  degeneration,  and  shows  less  distinctly  the  marking  of  ita 
convolutions.  At  the  same  time  its  surfaces  becorae  confounded 
with  the  central  coagulum  on  the  one  hand,  and  with  the  neigb- 
boring  tissues  on  the  other,  so  that  it  is  no  longer  possible  to  separate 
them  fairly  from  each  other.  At  the  end  of  eight  or  nine  weeki 
(Fig.  200)  the  whole  body  is  reduced  to  the  condition  of  an  insignifl- 
cant,  yellowish,  cicatrix-like  spot,  measuring  less  than  a  quarter  of 
an  inch  in  its  longest  diameter,  in  which  the  original  texture  of  the 
corpus  luteum  can  be  recognized  only  by  the  peculiar  folding  and 
coloring  of  its  constituent  parts.  Subsequently  its  atrophy  goes  on 
in  a  leas  active  manner,  and  a  period  of  seven  or  eight  months  8oai»> 
times  elapses  before  its  final  and  complete  disappearanc-e. 

The  corpus  luteum,  accordingly,  is  a  formation  which  results 
from  the  filling  up  and  obliteration  of  a  ruptured  Graafian  follicl«t 
Under  ordinary  conditions,  a  corpus  luteum  is  produced  at  enery 
menstrual  period;  and  notwithstanding  the  fapiditv  with  whidih 
retrogrades  and  becomes  atrophied,  a  new  one  is  always  ibraiei 
before  its  predecessor  has  completely  disappeared. 

"When,  therefore,  we  examine  the  ovaries  of  a  healthy  female,  in 
whom  the  menses  have  recurred  with  regularity  for  some  time 
previous  to  death,  several  corpora  lutea  will  be  met  with,  in  diflkrent 
stages  of  formation  and  atrophy.  Thus  we  have  found,  under  soch 
circumstances,  four,  five,  six,  and  even  eight  corpora  lutea  in  tb« 
ovaries  at  the  same  time,  perfectly  distinguishable  by  their  texture, 
but  very  small,  and  most  of  them  evidently  in  a  state  of  advanoed 
retrogression.  They  finally  disappear  altogether,  and  the  iiaral)er 
of  those  present  in  the  ovary,  therefore,  no  longer  corresponds  with 
that  of  the  Graafian  follicles  which  have  been  ruptured. 
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Since  the  process  above  described  takes  place  at  everv  menstrail 
period,  it  is  independent  of  impregnation  and  even  of  sexoal  inter* 
course.  The  mere  presence  of  a  corpus  luteum,  therefore,  is  no 
indication  that  pregnancy  has  existed,  but  only  that  a  Oraaiaa 
follicle  has  been  ruptured  and  its  contents  discharged.  We  flll^ 
nevertheless,  that  when  pregnancy  takes  place,  the  appearance  of 
the  corpus  luteum  becomes  so  much  altered  as  to  be  readily  dis- 
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tinguisbed  from  that  which  simply  follows  the  ordinary  menstrual 
process.  It  is  proper,  therefore,  to  speak  of  two  kinds  of  corpora 
Intea ;  one  belonging  to  menstruation,  the  other  to  pregnancy. 

The  difference  between  these  two  kinds  of  corpora  lutea  is  not 
an  essential  or  fundamental  difference ;  since  they  both  originate  in 
the  same  way,  and  are  composed  of  the  same  structures.  It  is, 
properly  speaking,  only  a  difference  in  the  degree  and  rapidity  of 
their  development.  For  while  the  corpus  luteum  of  menstruation 
passes  rapidly  through  its  different  stages,  and  is  very  soon  reduced 
to  a  condition  of  atrophy,  that  of  pregnancy  continues  its  develop- 
ment for  a  long  time,  attains  a  larger  size  and  firmer  organization, 
and  disappears  finally  only  at  a  much  later  period. 

This  variation  in  the  development  and  history  of  the  corpus 
luteum  depends  upon  the  unusually  active  condition  of  the  pregnant 
aterus.  This  organ  exerts  a  powerful  sympathetic  action,  during 
pr^nancy,  upon  many  other  parts  of  the  system.  The  stomach 
becomes  irritable,  the  appetite  is  capricious,  and  even  the  mental 
Acuities  and  the  moral  disposition  are  frequently  more  or  less 
affected.  The  ovaries,  however,  feel  the  disturbing  influence  of 
gestation  more  certainly  and  decidedly  than  the  other  organs,  since 
tiiey  are  more  closely  connected  with  the  uterus  in  the  ordinary 
performance  of  their  function.  The  moment  that  pregnancy  takes 
place,  the  process  of  menstruation  is  arrested.  No  more  eggs  come 
to  maturity,  and  no  more  Graafian  follicles  are  ruptured,  during  the 
whole  period  of  gestation.  It  is  not  at  all  singular,  therefore,  that 
the  growth  of  the  corpus  luteum  should  also  be  modified,  by  an 
influence  which  affects  so  profoundly  the  system  at  large,  as  well 
as  the  ovaries  in  particular. 

Daring  the  first  three  weeks  of  its  formation,  the  growth  of  the 
corpus  luteum  is  the  same  in  the  impregnated  as  in  the  unimpreg- 
nated  condition.  After  that  time,  however,  a  difference  becomes 
manifest.  Instead  of  commencing  a  retrograde  course  during  the 
fourth  week,  the  corpus  luteum  of  pregnancy  continues  its  deve- 
lopment. The  external  wall  grows  thicker,  and  its  convolutions 
more  abundant.  Its  color  alters  in  the  same  way  as  previously 
described,  and  becomes  a  bright  yellow  by  the  deposit  of  fatty 
matter  in  microscopic  globules  and  granules. 

By  the  end  of  the  second  month,  the  whole  corpus  luteum  has 
increased  in  size  to  such  an  extent  as  to  measure  seven-eighths  of 
aa  inch  in  length  by  half  an  inch  in  depth.  (Fig.  201.)  The  central 
ooagulnm  has  by  this  time  become  almost  entirely  decolorized,  so  as 
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to  presL'iit  tbe  appearance  of  a  purely  fibrinous  deposit.  Sometime 
we  find  that  a  part  ui"  the  serum,  during  its  separation  from  tke  clo«, 
biis  accumulated  in  tbe  centre  of  the  masa,  as  in  Fig.  2i)l,  formiaga 

little  cavity  containing  a  fev 
fig-  201.  drops  of  clear  fluid  and  in- 

closed by  a  whitish,  fibrinous 
layer,  the  remains  of  the  solid 
portion  of  the  clot  It  it 
this  Obrinous  layer  which  hat 
sonieiiraes  been  mistakco  fi«r 
a  distinct  organised  meto* 
brane,  lining  tbe  internal »ar- 
face  of  the  convolated  wall 

MoMh  ;  froBi  •  woman  d««i  from  Uditced  kbortloD.  &"<!    Wbicb    tlOS    thUS    llid    tO 

the   Vnjlief   that   the  yellow 
matter  of  the  corpus  luteum  is  normally  deposited  outaide  the  mem^l 
brnno  of  the  Graafian  fuUicle,    Such,  however,  is  not  its  real  atrud" 
ture.     The  convoluted  wall  of  the  corpus  luteum  is  the  membrane 
of  the  follicle  itself,  partially  altered  by  hypertrophy,  as  mAj  btj 
readily  seen  by  examination  in  the  earlier  stages  of  its  growth :  aoj 

the  fibrinous   layer,   situated 
*■  internally,    is     the    original 

bloody  coagulum,  decolorized 
and  condensed  by  continaed 
absorption.  The  existence  of 
a  central  cavity  containing 
serous  fluid,  is  merely  an  oty 
casionul,  not  a  constant  pbo(^ 
menon.  More  frequently,  the 
fibrinous  clot  is  solid  through- 
out, the  serum  being  gradually 
absorbed,  as  it  separates  spon- 
taneously from  the  coagiiluni. 
During  the  third  and  fuurth 
months,  the  enlargement  of  the  cor])Us  luteum  continues;  so  that  ol 
the  end  of  that  time  it  may  measure  seven-eighths  of  an  inch  io 
length  by  three-quarttrs  of  an  inch  in  depth.  (Fig.  202.)  The  ooa 
voluted  wall  is  still  thicker  and  more  highly  developed  than  before^ 
having  a  thickness,  at  its  deepest  part,  of  three-sixteenths  of  an  inch,  fl 
Its  color,  however,  has  already  begun  to  fade,  and  is  now  of  a  dull 
yellow,  instead  of  the  bright,  clear  tmge  which  it  prev'oosiy  ex 
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Fig.  203. 


Idbited.  The  central  coagiilum,  perfectly  colorless  and  fibrinous 
in  appearance,  is  often  so  niui;h  flatleiietl  by  ttie  lateral  comprcs- 
eion  of  its  mass,  that  it  has  hardly  a  line  in  thicknesa.  The  other 
relations  of  the  diflereut  parts  of  the  corpus  luteum  remain  the 
same. 

The  corpus  lutenm  has  now  attained  its  maximum  of  develop- 
ment, and  remains  without  any  very  perceptible  alteration  during 
the  fifth  and  sixth  mouths.  It  then  begins  to  reirogrwle,  diminish- 
ing constantly  in  size  during  the  eleventh  and  eighth  months.  Its 
external  wall  fades  still  more  perceptibly  in  color,  becoming  of  a 
faint  yellowish  white,  not  unlike  tiiat  which  it  presented  at  the  end 
of  the  third  week.  It^^  te.\ture  is  thick,  soft,  and  elastic,  and  it  is 
Still  strongly  convoluted.  An  abundance  of  fine  red  vessels  c^in  be 
Been  penetrating  from  the  exterior  into  the 
interstices  of  its  convolutions.  The  central 
coagulum  is  reduced  by  this  time  to  the 
condition  of  a  whitish,  radiated  cicatrix. 

The  atrophy  of  the  organ  continues  dur- 
ing the  ninth  month.  At  the  termination  of 
pregnancy,  it  is  reduced  to  the  size  of  half 
an  inch  in  length  and  three-eighths  of  an 
inch  in  depth.  (Fig.  203.)  It  is  then  of  a 
faint  indefinite  hue,  but  little  contrasted 
with  the  remaining  tissues  of  the  ovary. 
The  central  cicatrix  has  become  very  small, 
and  appears  only  as  a  thin  whitish  lamina, 
with  radiating  processes  which  run  in  be- 
tween the  interstices  of  the  convolutions. 
The  whole  mass,  however,  is  still  quite  firm 
and  resisting  to  the  touch,  and  is  readily 
distinguishable,  both  from  its  size  and  tex 

ture,  as  a  prominent  feature  in  the  ovarian  tissue,  and  a  reliable 
indication  of  pregnancy.  The  convoluted  structure  of  its  externai 
wall  is  very  perceptible,  and  the  jwint  of  rupture,  with  its  externa, 
peritoneal  cicatrix,  distinctly  visible. 

After  delivery,  the  corpus  luteum  retrogrades  rapidly.    At  the 
end  of  eight  or  nine  weeks,  it  has  become  so  much  altered  that  iU» 
color  is  no  longer  distinguishable,  and  only  faint  traces  of  Jts  con 
voluted  structure  are  to  be  discovered  by  close  examination.   Thes<» 
traces  may  remain,  however,  for  a  long  time  afterward,  more  or  leas 
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concealed  in  tlie  ovarian  tissue.  "We  have  distinguished  them  to 
late  as  nine  and  a  half  months  after  delivery.  They  finally  disap- 
pear entirely,  together  with  the  external  cicatrix  which  ppevioaal/ 
marked  their  situation. 

During  the  existence  of  gestation,  the  process  of  menstnutMB 
being  suspended,  no  new  follicles  are  ruptured,  and  no  new  corpora 
lutea  are  produced  ;  and  as  the  old  ones,  formed  before  the  period  of 
conception,  gradually  fade  and  disappear,  the  corpus  luteum  which 
marks  the  occurrence  of  pregnancy  after  a  short  tirae  exists  »IoOfl 
in  the  ovary,  and  is  not  accompanied  by  any  others  of  older  date. 
In  twin  pregnancies,  we  of  course  find  two  corpora  lutea  in  th« 
ovaries ;  but  these  are  precisely  similar  to  each  other,  and.  b«ing 
evidently  of  the  same  date,  will  not  give  rise  to  any  oonfuaion. 
Where  there  is  but  a  single  foetus  in  the  uterus,  and  the  ovariflB 
contain  two  corpora  lutea  of  similar  appearance,  one  of  than 
belongs  to  an  embryo  which  has  been  blighted  by  some  aocidenl 
in  the  early  part  of  pregnancy.  The  remains  of  the  blighted  em- 
bryo may  often  be  discovered,  in  such  cases,  in  some  part  of  the 
Fallopian  tubes,  where  it  has  been  arrested  in  its  descent  torard 
the  uterus. 

After  the  process  of  lactation  comes  to  an  end,  the  ovaries  again 
resume  their  ordinary  function.  The  Graafian  follicles  mature  and 
rupture  in  succession,  as  before,  and  new  corpora  lutea  follow  each 
other  in  alternate  development  and  disappearance. 

"We  findj,  then,  that  the  corpus  luteum  of  menstruation  diflfers  from 
that  of  pregnancy  in  the  extent  of  its  development  and  the  dura- 
tion of  its  existence.  While  the  former  passes  through  all  the  im- 
portant phases  of  its  growth  and  decline  in  the  period  of  two 
months,  the  latter  lasts  from  nine  to  ten  months,  and  preseatt^ 
during  a  great  portion  of  the  time,  a  larger  size  and  a  more  soGd 
organization.  It  will  be  observed  that,  even  with  the  corpw 
luteum  of  pregnancy,  the  bright  yellow  color,  which  is  so  import- 
ant a  characteristic,  is  only  temporary  in  its  duration ;  not  making 
its  appearance  till  about  the  end  of  the  fourth  week,  and  again 
disappearing  after  the  sixth  month. 

The  following  table  contains,  in  a  brief  form,  the  characters  of 
the  corpus  luteum,  as  belonging  to  the  two  different  conditions  of 
menstruation  and  pregnancy,  corresponding  with  di£forent  periods 
of  its  development 
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At  the  end  of 
three  weeke 
One  month 

Two  months 


Six  month* 


Iftme  months 


CoBPvs  LnrsDM  or  MBirnsnATioK.     Cobpto  LuTBim  or  Pbuhahct. 

Thrae-qnarten  of  an  inch  in  diameter ;  central  olot  reddish ;  oon- 
Tolated  wall  pale. 


Smaller;  oonvolnted  wall  bright 
yellow ;  olot  still  reddish. 

Bedaced  to  the  condition  of  an 
insignificant  cicatrix. 


Absent. 


Absent. 


Larger;  conTolnted  wall  bright 
yellow  ;  clot  still  reddish. 

SoTen-eighths  of  an  inch  in  dia- 
meter ;  oonyolnted  wall  bright 
yellow  ;  olot  perfectly  decolor- 
ised. 

Still  as  large  as  at  end  of  second 
month  ;  olot  flbrinoos  ;  convo- 
Inted  wall  paler. 

One-half  an  inch  in  diameter; 
central  clot  conrerted  into  a 
radiating  cicatrix;  the  external 
wall  tolerably  thick  and  oonro- 
Inted,  bat  without  any  bright 
yellow  oolor. 
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CHAPTER  VII. 

ON  THE  DEVELOPMENT  OF  THE  IMPREONATRD 
EGG  — SEGMENTATION  OF  THE  V  ITELLUS  — B  LA5- 
T0DEtt5IiC  MEMBRANE^FORMATION  OF  ORGANh 
IN   THE   FROG. 

We  have  seen,  in  the  foregoing  chapters,  how  the  egg,  prodaorf 
in  the  ovarian  follicle,  becomes  gradually  developed  and  ripened, 
until  it  is  reaJy  to  be  discharged.  The  egg,  accordingly,  passei 
through  several  successive  stages  of  formation,  even  while  still  con- 
tained within  the  ovary;  and  its  vitellus  becomes  gradually  com- 
pleted, by  the  formation  of  albuminous  material  and  the  deposit  of 
molecular  granulations.  The  last  change  which  the  egg  undergoes 
in  this  situation,  and  that  which  marks  its  complete  maturity,  is  the 
disappearance  of  the  germinative  vesicle.  This  vesicle,  which  ia,  ia 
general,  a  prominent  feature  of  the  ovarian  egg.  disappears  bat  t 
short  time  previous  to  its  discharge,  or  even  just  at  the  period  of 
its  leaving  the  Graafian  follicle. 

The  egg,  therefore,  consisting  simply  of  the  mature  vitellus  and 
the  vitelline  membrane,  comes  in  contact,  .after  leaving  the  ovary, 
and  while  passing  through  the  Fallopian  tube,  with  the  spematio 
fluid,  and  is  thereby  fecundated.  By  the  influence  of  fecundatioo, 
a  new  stimulus  is  imparted  to  its  growth ;  and  while  the  viulity 
of  the  unirapregnated  germ,  arrived  at  this  point,  woald  liave 
reached  its  termination,  the  fecundated  egg,  on  the  oootrarr, 
starts  upon  a  new  and  more  extensive  course  of  development,  by 
which  it  is  finally  converted  into  the  body  of  the  young  animal. 

The  egg,  in  the  first  place,  as  it  passes  down  the  Fallopian  labe, 
becomes  covered  with  an  albuminous  secretion.  In  the  birds,  as  we 
have  seen,  this  secretion  is  very  abundant,  and  is  deposited  in  soc- 
cessive  layers  around  the  vitellus.  In  the  reptiles,  it  ia  also  {>oared 
out  in  considerable  quantity,  and  serves  for  the  nourishment  of  the  fl 
egg  during  its  early  growth.  In  quadrupeds,  the  albuminous  matter  " 
is  supplied  in  the  same  way,  though  in  smaller  quantity,  by  the 
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Fig.  204. 


US  membrane  of  tbe  Fallopian  tubes,  and  envelopes  tbe  egg 
ayer  of  nutritious  material 

rery  remarkable  cliango  now  takes  place  in  the  impregnated  egg, 
I  is  known  as  the  spontaneous  division,  or  stgmentalion,  of  the 
us.  A  furrow  first  shows  itself, 
ng  round  the  globular  mass  of  the 
us  in  a  vertical  direction,  which 
lally  deepens  until  it  has  divided 
tellus  into  two  separate  halves  or 
spheres,  (Fig.  20-i,  a.)  Almost  at 
arae  time  another  furrow,  run- 
at  right  angles  with  the  first, 
rates  also  the  substance  of  the 
us  and  cuts  it  in  a  transverse 
jion.  The  vitellus  is  thus  divided 
bur  equal  portions  (Fig,  204,  h), 
dges  and  angles  of  \vhieh  are 
led  off,  and  which  are  still  con- 
1  in  the  cavity  of  the  vitelline 
brane.  The  spaces  between 
and  the  internal  surface  of  the 
ine  membrane  are  occupied  by 
Lsparent  Quid. 

e  process  thus  commenced  goes 
y  tk  successive  formation  of  fur- 
and  sections,  in  various  direc- 
The  four  vitelline  segments 
iy  prwluced  are  thus  subdivided 
sixteen,  the  sixteen  into  sixty- 
and  so  on ;  until  the  whole  vi- 
I  is  converted  into  a  raulberry- 
jd  majiw.  composed  of  minute, 
y  spherical  bodies,  whit^h  are 
1  the  "  vitelline  spheres."  (Fig. 
;.)  These  vitelline  spheres  have 
newhat  firmer  consistency  than 
riginal  substance  of  the  vitellus ;  BcaimrTATK 
this  consistency  appears   to  in- 

B,  as  tbey  successively  multiply  in  numbers  and  diminisb  in 

At   last   they  have  become  so  abundant   as   to  be  closely 

ied  together,  compressed  into  polygonal  forms,  and  flattened 
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against  the  internal  surface  of  the  vitelline  membrane.  (Fig  2H  <i) 
They  have  by  thia  time  been  converted  into  true  animal  cells;  ud 
these  cella,  adhering  to  each  other  by  their  adjacent  edgea^  Sons  t 
continuous  organized  membrane,  which  is  termed  the  £t 
membrane. 

During  the  formation  of  this  membrane,  moreover,  the 
passing  through  the  Fallopian  tubes  into  the  utcrusy  has  incretaed 
in  size.  The  albuminous  matter  with  which  it  was  enveloped  bat 
liquefied ;  and,  being  absorbed  by  eudosmosis  through  the  vitelline 
membrane,  has  furnished  the  materials  for  the  more  solid  and  ex- 
tensive growth  of  the  newly -formed  structures.  It  may  also  k* 
seen  that  a  large  quantity  of  this  6uid  has  accumulated  in  tiw 
central  cavity  of  the  egg,  inclosed  accordingly  by  the  blastodermic 
membrane,  with  the  original  vitelline  membrane  still  fo 
external  envelope  round  the  whole. 

The  next  change  which  takes  place  consists  in  the  divisi 
splitting  of  the  blastodermic  membrane  into  two  layers,  which 
known  as  the  external  and  internal  layers  of  the  blastodermic  membrane 
They  are  both  still  composed  exclusively  of  cells;  but  those  of  tho 
external  layer  are  usually  smaller  and  more  compact,  while  thoM 
of  the  internal  are  rather  larger  and  looser  in  texture.  The  egj 
then  presents  the  appearance  of  a  globular  sac,  the  walls  of  which 
consist  of  three  concentric  layers,  lying  in  contact  with  and  iiido*- 
ing  each  other,  viz.,  1st,  the  structureless  vitelline  membrane  on  the 
outside ;  2d,  the  external  layer  of  the  blastodermic  membrane,  oooi- 
posed  of  cells ;  and  3d,  the  internal  layer  of  the  blasti^dermie 
brane,  also  composed  of  cells.  The  cavity  of  the  egg  is 
bj  a  transparent  fluid,  as  above  mentioned. 

This  entire  process  of  the  segmentation  of  the  vitellus 
formation  of  the  blastodermic  membrane  is  one  of  the  most  re- 
markable and  important  of  all  the  changes  which  take  place  dttring 
the  development  of  the  egg.  It  is  by  this  process  that  the  simple 
globular  mass  of  the  vitellus,  composed  of  an  albuminous  nutter 
and  oily  granules^  is  converted  into  an  organized  structure.  For 
the  blastodermic  membrane,  though  consisting  only  of  cells 
uniform  in  size  and  shape,  is  nevertheless  a  truly  organized 
brane,  made  up  of  fully  formed  anatomical  elements.  It  is, 
over,  the  first  sign  of  distinct  organization  which  makes  its  ^)pcftr- 
ance  in  the  egg ;  and  as  soon  as  it  is  completed,  the  body  of  tba 
new  foetus  is  formed.  The  blastodermic  membrane  isi,  in  fiwjt  the 
body  of  the  fcetus.    It  is  at  this  time,  it  is  true,  exceedingljr 
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in  texture ;  but  we  shall  see  hereafter  that  all  the  future  organs 
of  the  body,  however  varied  and  complicated  in  structure,  arise  oat 
of  it,  by  modification  and  development  of  its  different  parts. 

The  segmentation  of  the  vitellus,  moreover,  and  the  formation 
of  the  blastodermic  membrane,  take  place  in  essentially  the  same 
manner  in  all  classes  of  animals.  It  is  always  in  this  way  that 
the  egg  commences  its  development,  whether  it  be  destined  to 
form  afterward  a  fish  or  a  reptile,  a  bird>  a  quadruped,  or  a  man. 
The  peculiarities  belonging  to  difierent  spooies  show  themselves 
afterward,  by  variations  in  the  manner  and  extent  of  the  develop- 
ment of  different  parts.  In  the  higher  animals  and  in  the  human 
subject  the  development  of  the  egg  becomes  an  exceedingly  com- 
plicated process,  owing  to  the  formation  of  various  aooessory 
organs,  which  are  made  requisite  by  the  peculiar  conditions  under 
which  the  development  of  the  embryo  takes  place.  It  is,  in  ftict, 
impossible  to  describe  or  understand  properly  the  complex  embry- 
ology of  the  quadrupeds,  and  more  particularly  that  of  the  human 
subject,  without  first  tracing  the  development  of  those  species  in 
which  the  process  is  more  simple.  We  shall  commence  our  descrip- 
tion, therefore,  with  the  development  of  the  egg  of  the  frog,  which 
is  for  many  reasons  particularly  appropriate  for  our  purpose. 

The  egg -of  the  frog,  when  discharged  from  the  body  of  the  female 
and  fecundated  by  the  spermatic  fluid  of  the  male,  is  deposited  in 
the  water,  enveloped  in  a  soft  elastic  cushion  of  albuminous  sub- 
stance. iHs  therefore  in  a  situation  where  it  is  freely  exposed  to 
the  light,  the  air,  and  the  moderate  warmth  of  the  sun's  rays,  and 
where  it  can  absorb  directly  an  abundance  of  moisture  and  appro- 
priate nutritious  material.  We  find  accordingly  that  under  these 
circumstances  the  development  of  the  egg  is  distinguished  by  a 
character  of  great  simplicity;  since  the  wliole  of  t/ie  vitellus  u 
tHrectly  converted  into  the  body  of  the  embryo.  There  are  no  acces- 
sory organs  required,  and  consequently  no  complications  of  the 
formative  process. 

The  two  layers  of  the  blastodermic  membrane,  above  described, 
represent  together  the  commencement  of  all  the  organs  of  the  foetus. 
They  are  intended,  however,  for  the  production  of  two  different 
systems ;  and  the  entire  process  of  their  development  may  be  ex- 
pressed as  follows:  7%c  external  layer  of  the  blastodermic  membrane 
produces  the  spinal  column  and  all  the  organs  of  animal  life;  while  th« 
inUmal  layer  produces  the  intestinal  canal,  and  all  the  organs  of  vege- 
tative' life. 
89 
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The  first  sign  of  ad%'ancing  organization  in  the  external  Uyerof 
tlie  blastodertniu  membrane  shows  itself  in  a  thickening  and  001^ 
densation  of  its  air  ucture.  Thia  tliiekened  portion  haa  the  form  of  tt 
elongated  oval-sbaped  spot,  termed  tlie  "  embryonic  spot"  (Fig.  205)^ 

the  wide  edges  of  which  are  eotneiriut 
more  opaque  tban  the  rest  of  thd 
dermic    membrane.     Inclooed    wuii* 
these  opaque  edges  is  a  narrower  tx> 
less  tmd   transparent  space,  the  *'ar«»j 
pellucida,"  and  in  its  centre  i»  a  deli 
line,  or  furrow,  running   loDgitudimil 
from  front  to  retir,  which  is  called  li 
"primitive  trace," 

On  each  side  of  the  pririp.. 
in  the  area  pellucida,  the  sui- 
the  blu^jtodermic  membrane  rises  up  ii 
such  a  manner  as  to  form  two  nearly 
parallel  vertical  plates  or  ridgeSr  which 
approach  each  other  over  the  dorsal  aspect  of  the  foetus  and  mb 
therefore  calkd  the  "dorsul  ]>lates."  They  at  last  meet  on  U»e 
median  line,  so  ns  to  inclose  the  furrow  above  described  and  coo- 
vert  it  into  a  canal.  This  ailerward  becomes  the  spinal  canal,  tad 
in  its  cavity  is  formed  the  spinal  cord,  by  a  deposit  of  nervous. 
matter  upon  its  internal  surface,  At  the  anterior  extremity  of  thii 
canal,  its  cavity  is  large  anrl  rounded,  to  accommodate  the  braitt 
and  medulla  oblongata;  at  its  posterior  extremity  it  is  narrow  and 
pointed,  and  contains  the  extremity  of  the  spinal  cord. 

In  u  transverse  section  of  the  egg  at  this  stage  (Fig.  206)^  the 
dorsal  plates  may  be  seen  approaching  each  other  above,  on  each 
8ide  of  the  primitive  furrow  or  "trace."  At  a  more  adranood 
period  (Fig.  207)  they  may  be  seen  fairly  united  with  each  other, 
so  as  to  inclose  the  cavity  of  the  spinal  canal.  At  the  same  time^ 
the  edges  of  the  thickened  portion  of  the  blastodermic  membrane 
grow  outward  and  downward,  so  as  to  spread  out  more  and  aon 
over  the  lateral  portions  of  the  vitelline  mas.s.  These  are  called 
the  "  abdominal  plates ;"  and  as  they  increase  in  extent  they  lend 
to  unite  with  each  other  below  and  inclo.se  the  abdominal  cavity, 
just  a.s  the  donsal  plates  unite  above,  and  inclose  the  spinal  caoal. 
At  last  the  abdominal  plates  actually  do  unite  with  each  other  ott' 
the  median  line  (at  1,  Fig,  207),  embracing  of  course  the  whole 
internal  layer  of  the  blastodermic  membrane  (»),  which  incloses  ia 
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its  turn  the  remains  of  the  orig-inal  vitellus  and  the  albuminoua 
fluid  which  has  uccumulated  iii  itu  cavity. 


Pig.  206. 


Fig.  207. 
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During  this  time,  there  is  formei?,  in  the  thickness  of  the  external 
blastodermic  layer,  immediately  beneath  the  spinal  carutl,  a  longitu 
dinal  cartilaginous  cord,  called  the  "chorda  dorsalis."  Around  the 
chorda  dorsalid  are  afterward  developed  the  bodies  of  the  vertebrie 
(Fig.  207,  4),  forming  the  chain  of  the  vertebral  column;  and  the 
oblique  processes  of  the  vertebrae  run  upward  from  this  point  into 
the  dorsal  plates;  while  the  transverse  processes,  and  ribs,  run  out- 
ward and  downward  in  the  abdominal  plates,  to  encircle  more  or 
less  completely  the  corresponding  portion  of  the  body. 

If  we  now  examine  the  egg  in  longitudinal  section,  while  this 
process  is  going  on,  the  thickened  portion  of  the  external  blasto- 
dermic layer  may  be  seen  in  profile,  aa  at  i,  Fig.  208,  The  anterior 
portion  (a),  which  will  form  the  head,  is  thicker  than  the  posterior 
(»),  which  will  form  the  tail  of  the  young  animal.  As  the  whole 
mass  grows  rapidly,  both  in  the  anterior  and  the  posterior  direc- 
tion, the  head  becomes  very  thick  and  voluminous,  while  the  tail  also  * 
begins  to  project  backward,  and  the  whole  egg  assumes  a  distinctly 
elongated  form.  (Fig.  209.)    The  aklominal  plates  at  the  same  time 
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meet  upon  iu  under  surface,  and  tlie  point  at  wbich  they  finallj 
unite  I'orinatUo  abdominal  cicatrix  or  umbUicus.  The  internal  blM> 
todennic  layer  id  seen,  of  cDurssc,  in  the  longitudinal  section  of  ihe 
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egg,  as  well  as  in  the  transverse,  embraced  by  the  abdominal 
ami  inclosing,  as  before,  the  remains  of  the  vitellus. 

As  the  development  of  the  above  parta  goes  on  (Fig.  210).  the 
head  becomes  still  larger,  and  soon  shows  traces  of  the  formation 

Fig.  21(1. 
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of  organs  of  special  sense.     The  tail  also  increases  in  size,  and  prtK 
jects  further  from  the  posterior  extremity  of  the  embrvo.    Tl: 
spinal  cord  runs  in  a  longitudinal  direction  from  front  to  rear,  a 
Its  anterior  extremity  enlarges,  so  as  to  form  the  brain  and  meduili 
oblongata.    In  the  mean  time,  the  internal  blastoderniio  layer,  wbiek 
is  subsequent! V  to  be  converted  into  the  intestinal  canal,  has  been 
shut  in  by  the  abdominal  walls,  and  still  forms  a  perfectW  doeed. 
sac,  of  a  slightly  elongated  figure,  without  either  inlet  or  ootl 
Afterward,  the  month  is  formed  by  a  process  of  atrophv  and  perii*' 
ration,  which  tnkos  place  through  both  e.xternal  and  internal  lajem 
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at  tlic  anterior  extremity^  while  a  similar  perforation,  at  the  poste- 
rior extremity,  results  in  the  formation  of  the  anus. 

All  these  parta,  however,  are  as  yet  imperfect ;  ami,  being  merely 
in  the  course  of  formation,  are  incapable  of  performing  any  active 
function. 

By  a  continuation  of  the  same  process,  the  different  portions  of 
the  external  blastodermic  layer  arc  furtlier  developed,  so  as  to  re- 
sult in  the  complete  formation  of  the  various  parts  of  the  skeleton, 
the  integument,  the  organs  of  special  sense,  and  the  voluntary 
muscles  and  nerves.  The  tail  at  the  same  time  acquires  sufficient 
size  and  strcngtb  to  be  capable  of  acting  as  an  organ  of  locomo- 
uon.  (Fig.  211.)     The  intestinal  canal,  which  has  been  formed  from 

Fig.  211- 
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16  internal  blastodermic  layer,  is  at  first  a  .short,  wide,  and  nearly 
straight  tube,  running  directly  from  the  mouth  to  the  anus.  It 
80on,  however,  begins  to  grow  faster  than  the  abdominal  cavity 
■which  incloses  it,  becoming  longer  and  narrower,  and  is  at  the 
same  time  thrown  into  numerous  convolutions.  It  thus  presents 
a  larger  internal  surface  for  the  performance  of  the  digestive 
process, 

Arrive<l  at  this  period,  the  young  tadpole  ruptures  the  vitelline 
membrane,  by  which  lie  has  lierciofore  been  inclosed,  and  leaves  the 
cavity  of  the  egg.  He  at  first  fastens  himself  upon  the  remains  of 
the  albuminous  matter  deposited  round  the  egg,  and  feeds  upon  it  for 
a  short  period.  Uo  soon,  however,  acquires  sufficient  strength  and 
activity  to  swim  about  freely  in  search  of  other  food,  propelling 
himself  by  means  of  his  large,  membranous,  and  muscular  tail. 
The  alimentary  canal  increases  very  rapidly  in  length  and  becomes 
spirally  coiled  up  in  the  abdominal  cavity,  so  as  to  attain  a  length 
from  seven  to  eight  times  greater  than  that  of  the  entire  body. 

After  a  time,  a  chancre  takes  place  in  the  external  form  of  the 
young  animal.    The  posterior  extremities  or  limbs  begin  to  show 
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themselves,  by  buili-ling  or  sprouting  from  the  sides  of  the  bod? 
jiwt  at  tlie  base  of  the  Uiii,  (Fig.  212.)    The  aoterior  extremities  aUo 
grow  at  this  time,  but  are  at  first  concealed  underneath  the  iategtt 
ment.     They  afterward,  however,  become  liberated,  and  show  them- 
selves externally.     At  first  both  the  fore  and  hind  legs  are  very 
small,  imperfect  in  structure,  and  altogether  useless  for  purposes  of 
locjoinotion,     Tliey  soon,  however,  increase  in  size  and  strength; 
and  while  they  keep  pace  with  the  increasing  development  of  tba 
whole  body,  the  tail  on  the  contrary  ceases  to  grow,  and  becomea 
shrivelled  and  atrophied.     The  limbs,  in  fact,  are  destined  finally  fl 
to  replace  the  tail  as  organs  of  locomotion;   and  a  time  at  iasl™ 
arriToa  (Fig.  213)  when  the  tail  has  altogether  disappeared  while 
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the  legs  have  become  fully  developed,  muscular  and  poirerfoL 
Then  the  animal,  which  was  before  confined  to  an  aquatic  nKtde 
of  life,  becomes  capable  of  living  also  upon  land,  and  a  intm- 
formation  is  thus  eft'ected  from  the  tadpole  into  the  perfect  frog. 

During  the  same  time,  other  changes  of  an  equally  important 
character  have  taken  place  in  the  internal  organs.  The  tadpole  at 
first  breathes  by  gills;  but  these  organs  subsequently  beootne 
atrophied  and  disappear,  being  finally  replaced  by  well  developed 
lungs.  The  structure  of  the  mouth,  also,  of  the  integuraeot,  aod 
of  the  circulatory  system,  is  altered  to  correspond  with  the  varying 
conditions  and  wants  of  the  growing  animal;  and  all  these  changes 
taking  place,  in  part  successively  and  in  part  simultaneously, 
bring  the  animal  at  last  to  a  state  of  complete  formation. 
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The  process  of  development  may  then  be  briefly  recapitulated  as 
follows : — 

1.  The  blastodermic  membrane,  produced  by  the  segmentation 
of  the  vitellus,  consists  of  two  cellular  layers,  viz.,  an  external  and 
an  internal  blastodermic  layer. 

2.  The  external  layer  of  the  blastodermic  membrane  incloses  by 
its  dorsal  plat^  the  cerebro-spioal  canal,  and  by  its  abdominal 
plates  the  abdominal  or  visceral  cavity. 

8.  The  internal  layer  of  the  blastodermic  membrane  forms  the 
intestinal  canal,  which  becomes  lengthened  and  convoluted,  and 
communicates  with  the  exterior  by  a  mouth  and  anus  of  secondary 
formation. 

4.  Finally  the  cerebro-spinal  axis  and  its  nerves,  the  skeleton 
the  organs  of  special  sense,  the  integument,  and  the  muscles,  aro 
developed  from  the  external  blastodermic  layer;  while  the  antenor 
and  posterior  extremities  are  formed  from  the  same  layer  by  a  pro- 
cess of  sprouting,  or  continuous  growth. 
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THE   UMBILICAL  VESIOLB. 


Fig.  214. 


In  the  frog,  as  we  have  seen,  the  abdominal  plates,  < 
together  in  front  and  underneath  the  body  of  the  anirnal^  i 
directly  the  whole  of  the  vitellus,  and  join  each  other  upon  ihe 
median  line,  at  the  umbilious.  The  whole  remains  of  the  viiellas 
s^re  then  inclosed  in  the  abdomen  of  the  animal,  and  in  the  intestinal 
sac  formed  by  the  inlernul  blaistodeniac  layer.  ^ 

In  many  instances,  however,  as,  for  example,  in  several  kinds  of  f 
fish,  and  in  all  the  birds  and  quadrupeds,  the  abdominal  platca  do 

not  immediately  embrace  the  whole  of 
the  vitelline  mass,  but  tend  to  don 
together  about  its  middle;  so  that  the 
vitellus  is  constricted,  in  this  way,  tad 
divided  into  two  portions :  one  intern*],  ^ 
and  one  external.  (Fig.  214.)  As  th«fl 
process  of  development  proceeds,  the  bo<ly 
of  the  footus  increases  in  size,  out  of  pro- 
portion to  the  vitelline  sac,  and  the  con- 
striction just  mentioned  becomes  at  the 
same  time  more  strongly  marked;  so  that 
the  separation  between  the  internal  and  external  portions  of  the 
vitelline  eac  is  nearly  complete.  (Fig.  215.)  The  internal  layer  of 
the  blastodermic  membrane  is  by  the  same  means  divided  into 
two  portions,  one  of  which  forms  the  intestinal  canal,  while  the 
other,  remaining  outside,  forms  a  sac-like  appendage  to  the  abdo- 
men, which  is  known  by  the  name  of  the  umbilical  vtsicU, 

The  umbilical  vesicle  is  accordingly  lined  by  a  portion  of 
internal  blastodermic  layer,  continuous  with  the  mucous  tnembi 
of  the  intestinal  canal ;  while  it  is  covered  on  the  outside  bj  a 
tion  of  the  external  blastodermic  layer,  continuous  with  the  int 
ment  of  the  abdomen. 
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After  the  young  animal  leaves  the  egg,  the  umbilical  vesicle 
in  some  species  becomes  withered  ami  atrophied  by  the  absorjrtion 
of  its  contents;    while  in  others,  the  abdoDunal  walls  gradually 

Fig.  215. 
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extend  over  it,  and  crowd  it  back  into  the  abdomen ;  the  nutritious 
matter  whicli  it  contained  passing  from  the  cavity  of  the  vesicle 
into  that  of  the  intestine  by  the  narrow  passage  or  canal  which 
remains  open  between  them. 

In  the  human  subject,  however,  as  well  as  in  the  quadrupeds,  the 
umbilical  vesicle  becomes  more  completely  separated  from  the  abdo- 
men than  in  the  cases  just  mentioned.  There  is  at  first  a  wide  com- 
munication between  the  cavity  of  the  umbilical  vesicle  and  that  of 
the  intestine;  and  this  communication,  as  in  other  instances,  becomes 
gradually  narrowed  by  the  increasing  constriction  of  the  abdominal 
walls.  Here,  however,  the  constriction  proceeds  so  far  that  the 
opposite  surfaces  of  the  canal  come  in  contact  with  each  other,  and 
adhere;  so  that  the  narrow  passage  previously 
existing,  between  the  cavity  of  the  intestine 
and  that  of  the  umbilical  vesicle,  is  obliterated, 
and  the  vesicle  is  tlien  connected  with  the 
abdomen  only  by  an  impervious  cord.  This 
cord  afterward  elongates,  and  becomes  con- 
verted into  a  slender,  thread-like  pedicle  (Fig. 
216),  passing  out  from  the  abdomen  of  the 
foetus,  and  connected  by  its  farther  extremity 
with  the  umbilical  vesicle,  which  is  filled  with 
a  transparent,  colorless  fluid.  The  umbilical 
vesicle  is  very  distinctly  visible  in  the  human 
foetus  so  late  as  the  end  of  the  third  month. 
After  that  period  it  diminishes  in  size,  and  is  gradually  lost  in  the 
advancing  development  of  the  neighboring  parts. 

In  the  formation  of  the  umbilical  vesicle,  we  have  the  first  varia 
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tion  from  the  simple  plan  of  development  described  in  the  preceding 
chapter.  Here,  the  whole  of  the  vitellus  is  not  directly  oonverted 
into  the  body  of  the  embryo ;  but  while  a  part  of  it  is  taken,  as 
usual,  into  the  abdominal  cavity,  and  used  immediately  for  the 
purposes  of  nutrition,  a  part  is  left  outside  the  abdomen,  ia  the 
umbilical  vesicle,  a  kind  of  secondary  organ  or  appendage  of  the 
fcBtus.  The  contents  of  the  umbilical  vesicle,  however,  are  after- 
ward absorbed,  and  so  appropriated,  finally,  to  the  nouriahment  of 
ibe  newly-formed  tidsuea. 


▲MNION   AMD  ALLANT0I8.  619 


CHAPTER  IX. 

AMNION    AND    ALLANTOIS.— DEVELOPMENT    OP 
THE   CHICK. 

We  shall  now  proceed  to  the  description  of  two  otber  accessory 
organs,  which  are  formed,  daring  the  development  of  the  fecundated 
egg,  in  all  the  higher  classes  of  animals.  These  are  the  amnion  and 
the  alkmtois;  two  organs  which  are  always  found  in  company  with 
each  other,  since  the  object  of  the  first  is  to  provide  for  the  forma- 
tion of  the  second.  The  amnion  is  formed  from  the  external  layer 
of  the  blastodermic  membrane,  the  allantois  from  the  internal  layer. 

In  the  frog  and  in  fish,  as  we  have  seen,  the  egg  is  abundantly 
supplied  with  moisture,  air,  and  nourishment^  by  the  water  with 
which  it  is  surrounded.  It  can  absorb  directly  all  the  gaseous  and 
liquid  substances,  which  it  requires  for  the  purposes  of  nutrition 
and  growth.  The  absorption  of  oxygen,  the  exhalation  of  carbonic 
acid,  and  the  imbibition  of  albuminous  and  other  liquids,  can  all 
take  place  without  difficulty  through  the  simple  membranes  of  the 
egg;  particularly  as  the  time  required  for  the  formation  of  the 
embryo  is  very  short,  and  as  a  great  part  of  the  process  of  develop- 
ment  remains  to  be  accomplished  after  the  young  animal  leaves 
the  egg. 

But  in  birds  and  quadrupeds,  the  time  required  for  the  develop- 
ment of  the  foetus  is  longer.  The  young  animal  also  acquires  a 
much  more  perfect  organization  during  the  time  that  it  remains 
inclosed  within  the  egg ;  and  the  processes  of  absorption  and  exha- 
lation necessary  for  its  growth,  being  increased  in  activity  to  a 
corresponding  degree,  require  a  special  organ  for  their  accomplish- 
ment This  special  organ,  destined  to  bring  the  blood  of  the  foetus 
into  relation  with  the  atmosphere  and  external  sources  of  nutrition, 
is  the  allantni8. 

In  the  frog  and  the  fish,  the  internal  blastodermic  layer,  forming 
the  intestinal  mucous  membrane,  is  inclosed  everywhere,  as  above 
described,  by  the  external  layer,  forming  the  integument;  and 
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consequently  it  can  nowliure  came  in  contact  "with  the  irivoi  -i.' 
membrane  of  the  egg.  But  in  the  higber  animals,  the  iuuruui 
blastodermic  layer,  whicb  is  the  seat  of  the  greatest  vascaUritjr, 
and  which  is  JestineJ  to  produce  the  allantois,  is  made  to  comb  io 
contact  with  the  external  membrane  of  the  egg  for  ptirpoees  df 
exhalation  anrl  absorption ;  and  this  can  only  be  accomplished  bj 
opening  a  passage  for  it  through  the  external  germinative  Urer. 
This  is  done  in  the  following  manner,  by  the  formation  of  the 
amnian. 

Soon  after  the  body  of  the  foetus  has  begun  to  be  formed  by  tlie 
thickening  of  the  external  layer  of  the  blastodermic  membr»o^ 
a  double  fold  of  this  external  hiyer  rises  up  on  all  sides  abook 
the  edges  of  the  newly-formed  embryo;  so  that  the  body  of  the 
foetus  appears  as  if  sunk  in  a  kind  of  depression,  and  Furri>unded 
with  a  membranous  ridge  or  embankment,  as  in 
Fig,  217.  The  embryo  (c)  is  here  Been  in  profiie^ 
with  the  double  membranous  folds,  above  m«n. 
tionedj  rising  up  juj;t  in  advanoe  of  the  b«*d, 
and  behind  the  |K>sterior  extremity.  Il  mult  be 
understood,  of  course,  that  the  same  thing  takes 
place  on  the  two  sides  of  the  foDtus,  by  the  fonna- 
tion  of  Internl  folds  simultaneously  with  tbe 
appearance  of  those  in  front  an<|  behind.  A«  it 
is  these  folds  which  are  destined  to  form  the 
amnion,  they  are  called  the  ''amniotic  folds." 

The  amniotic  folds  continue  to  grow,  and  ex- 
tend themselves,  forwanl,  backward,  and  Interallr, 
until  they  approach  eauh  other  at  a  point  orcr 
the  back  of  the  foetus  (Fig.  218),  which  is  termed  the  "amniotic 
umbilicus."  Their  opposite  edges  afterward  actually  come  in  ooa- 
tact  with  each  other  at  this  point,  and  adhere  together,  so  as  to 
shut  in  a  space  or  cavity  (Fig.  218,  b)  between  their  inner  sur&oe 
and  the  body  of  the  foetus.  This  space,  which  is  filled  with  a  cle*r 
fluid,  is  called  the  amniotic  cavity.  At  the  same  time,  the  intCTitiwl 
canal  has  begun  to  be  formed,  and  the  umbilical  vesicle  has  bees 
partially  separated  from  it,  by  the  constriction  of  the  abdomiDtl 
walls  on  the  under  surface  of  the  body. 

There  now  appears  a  prolongation  or  diverticulum  (Fig.  218,  r) 
growing  out  from  the  posterior  f>ortion  of  the  intestinal  canal  and 
following  the  course  of  the  amniotic  fold  which  has  preceded  it: 
occupying,  as  it  gradually  enlarges  and  protrudes,  the  space  left 
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TabHui  b^  the  rising  up  of  the  amniotic  fold.    This  diverticulum 
is  the  commencement  of  the  allantois.    It  is  an  elongated  mem- 
branous sac,  continuous  with  the  posterior  portion  of  the  intestine, 
and  containing  bloodvessels  derived  from  those 
of  the  intestinal  circulation.    The  cavity  of  the 
allantois  is  also  continuous  with  the  cavity  of 
the  intestine. 

After  the  amniotic  folds  have  approached  and 
touched  each  other,  as  already  described,  over 
the  back  of  the  foetus,  at  the  amniotic  umbilicus, 
the  adjacent  surfaces^  thus  brought  in  contact, 
fuse  together,  so  that  the  cavities  of  the  two 
folds,  coming  respectively  from  front  and  rear, 
are  separated  only  by  a  single  membranous  par- 
tition (Fig.  219,  c)  running  from  the  inner  to  the 
outer  lamina  of  the  amniotic  folds.    This  parti- 
tion itself  soon  after  atrophies  and  disappears ;  and  the  inner  and 
outer  laminsB  become  consequently  separated  from  each  other.    Tho 
inner  lamina  (Fig.  219,  a)  which  remains  con- 
tinuous with  the  integument  of  the  foetus,  in- 
closing the  body  of  the  embryo  in  a  distinct 
cavity,  is  called  the  amnion  (Fig.  220,  b),  and 
its  cavity  is  known  as  the  amniotic  cavity. 
The  outer  lamina  of  the  amniotic  fold,  on  the 
other  hand  (Fig.  219,  6),  recedes  farther  and 
farther  from  the  inner,  until  it  comes  in  con- 
tact with  the  original  vitelline  membrane,  still 
covering  the  exterior  of  the  egg ;  and  by  con- 
tinued growth  and  expansion  it  at  last  fuses 
with  the  vitelline  membrane  and  unites  with 
its  substance,  so  that  the  two  membranes  form 
but  one.  This  membrane,  formed  by  the  fusion 
and  consolidation  of  two  others,  constitutes  then 
the  external  investing  membrane  of  the  egg. 

The  allantois,  during  all  this  time,  is  increas- 
ing in  size  and  vascularity.  Following  the  course  of  the  amniotic 
folds  as  before,  it  insinuates  itself  between  therai,  and  of  course  soon 
comes  in  contact  with  the  external  investing  membrane  just  de- 
scribed. It  then  begins  to  expand  laterally  in  every  direction, 
enveloping  more  and  more  the  body  of  the  foetus,  and  bringing  its 
vessels  into  contact  with  the  external  membrane  of  the  egg. 
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By  a  continuation  of  tbe  above  process,  the  nllantoU  at  last 
grows  to  such  au  extent  as  to  euvclope  completely  the  bol^-  uf  the 

embryo,  together  with  the  amuion  ;  it«  tw« 
extremities  coming  in  contact  with  each 
other  and  fusing  together  over  the  back  of 
the  fcetus,  just  as  the  amniotic  folds  hal 
previously  done.  (Fig.  220.)  It  lines,  ibew- 
fore,  the  whole  internal  surface  of  iHc  iti- 
ve.sting  membrane  with  a  flattenoil,  vn*c«- 
lar  sac,  the  vessels  of  which  come  from  the 
interior  of  the  body  of  the  foetas,  and  yrhiA 
still  communicates  with  the  cavity  of  ibe 
intestinal  canal. 

It  is  evident,  from  the  above  descriptioo. 
that  there  is  a  close  connection  between  ibe 
formation  of  the  amnion  an<l  that  of  the  allantois.  For  it  is  ooIt 
in  this  manner  that  the  allantois,  which  is  an  ext<;iisioD  of  tbeio- 
ternal  layer  of  the  blastodermic  membrane,  can  come  to  be  atovted 
outside  the  foetus  and  the  amnion,  and  be  brought  into  rdattoe 
with  external  surrounding  media.  The  two  laminoo  of  the  amni 
otic  folds,  in  fact,  by  separating  from  each  other  as  above  deacribed, 
open  a  passage  for  the  allantois,  and  allow  it  to  cimio  in 
with  the  external  membrane  of  the  egg. 

In  order  to  explain  more  fully  the  physiological  action 
allantois,  we  shall  n<»w  proceed  to  describe  the  process  of  develu^ 
ment,  as  it  takes  place  in  the  egg  of  the  fowl. 

In  order  that  the  embryo  may  be  pro|)erly  developed  in  MJ 
case,  it  is  essential  that  it  be  freely  supplie<l  with  air.  wanndv 
moisture,  and  nourishment.  The  egg  of  the  fowl  contains  alrsad); 
when  discharged  from  the  generative  passages,  a  sufficient  quantity 
of  moisture  and  albuminous  material.  The  necessary  warmth  ii 
supplied  by  the  body  of  the  parent  during  incubation;  while  the 
atmospheric  gases  can  pass  and  repass  through  the  porous  egf 
shell,  and  by  endosmosis  through  the  fibrous  membranes  vhidi 
line  its  cavity. 

When  the  egg  is  first  laid,  the  vitellua,  or  yolk,  is  enveloped  in 
a  thick  layer  of  semi-solid  albumen.  On  the  commencement  of 
incubation,  a  liquefaction  takes  place  in  the  albumen  immediaie^J 
above  that  part  of  tlie  vitellus  which  is  occupied  by  the  dcstri* 
cula;  so  that  the  vitelhn  rise<9  or  floats  upward  towftrd  tbe  sarfaoe^ 
by  virtue  of  it^  spe^ido  gravity,  and  the  cicatricala  comes  to  ^ 
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placed  almost  immediately  underneath  the  lining  membrane  of  the 
egg-shell.  As  the  cicatricula  ia  the  spot  from  which  the  process  of 
embrjonic  development  commences,  the  body  of  the  young  fcetus 
\A  by  this  arruugenicnt  placed  in  the  most  favorable  position  fof 
the  recepliun  of  waniith  and  otlier  necessary  external  influencep 
through  the  egg-shell.  The  liquefied  albumen  is  also  absorbed  by 
the  vitelline  mouihraue,  ami  the  vitellus  thus  becomes  larger,  softer, 
and  more  diffluent  tlian  before  the  commencement  of  incubation. 

As  soon  as  the  circuhjt^)ry  apparatus  of  the  embryo  has  been 
iiurly  formed,  two  minute  arteries  are  seen  to  run  out  from  its 
lateral  edges  and  spread  into  the  neighboring  parts  of  the  blasio- 
derraic  membrane,  breaking  up  into  inosculating  branches,  and 
covering  the  adjacent  portions  of  the  vitellus  with  a  plexus  of 
capillary  bloodvessels.  Tlie  space  occupied  in  the  blastodermic 
membrane,  on  the  surface  of  the  vitellus,  by  these  vessels,  is  called 
the  area  vasculosa,   (Fig.  221.)    It  is  of  a  nearly  circular  shape, 


Fig.  221. 
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and  is  limited,  on  its  outer  edge,  by  a  terminal  vein  or  sinus,  called 
the  "  sinus  terminalia,"  The  blood  is  returned  to  the  body  of  tne 
foetus  by  two  veins  which  penetrate  beneath  its  edges,  one  near  the 
head  and  one  near  the  tail. 

The  area  va-sculosa  tends  to  increase  in  extent,  as  the  develop- 
ment of  the  foetus  ]>roceed3  and  its  circulation  becomes  more  active. 
It  soon  covers  the  upper  half,  or  hemisphere,  of  the  vitellus,  and 
the  terminal  sinus  then  runs  like  an  e<^uator  round  the  middle  of 
the  vitelline  sphere.     As  the  growth  of  the  vascular  plexus  con- 
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tinues,  it  passea  this  point,  and  embraces  more  an<l  more  of  tbe  h- 
ferior,  as  well  as  of  the  superior  hemisphere,  the  vessels  cODver]giog 
toward  its  under  surface,  until  at  last  nearly  the  wholti  of  Jm 
vitellas  iii  covered  witli  a  network  of  inosculating  capillArie& 

The  function  of  tbe  vessels  of  the  area  vasculoaa  ia  to  a.bsar)i 
nourishment  from  the  cavity  of  the  vitelline  sac.  As  tbe  alburaea 
liquefies  during  the  process  of  incubation,  it  passes  by  eadosniati* 
more  and  more  abundantly,  into  the  vitelline  cavity;  tbe  wbolt 
vitellus  growing  constantly  larger  and  more  fluid  in  consistency; 
The  blood  of  the  foetus,  then  circulating  in  the  vessels  of  the 
vasculosa,  absorbs  freely  the  oleagino-albuminous  matters  of  the 
vitellus,  and,  carrying  them  back  to  the  fujtus  by  tho  retoniio^ 
veins,  supplies  the  newly-formed  tissues  and  organs  with  ahaa* 
dance  of  appropriate  noiiriahment. 

During  tliis  perioil  the  umttion  and  the  allantois  have  been  ebo 
in  process  of  formation.  At  first  the  body  of  the  foetus  lies  upon 
its  abdomen,  as  in  the  cases  previously  described  ;  but,  as  it  increaja 
in  size,  it  altera  its  position  so  as  to  lie  more  upon  its  side.  The 
allantois  then,  emerging  from  the  posterior  portion  of  the  ubdutni 
cavity,  turns  directly  upward  over  the  body  of  the  foetus,  and  coaufi 
immediately  in  contact  with  the  shell  membrane.   (Fig.  222.}    Il 
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down  the  sides  of  the  egg,  enveloping  more  and  mora  oompletelj^ 
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tbe  foetus  and  the  vitelline  sac,  and  taking  the  place  of  the  albumen 
which  has  been  liquefied  and  absorbed. 

It  will  also  be  seen,  by  reference  to  the  figure,  that  the  umbilical 
vesicle  is  at  the  same  time  formed  by  the  separation  of  part  of  tbe 
viteilus  from  the  abdomen  of  the  chick ;  and  the  vessels  of  the  area 
vasculosa,  which  were  at  first  distributed  over  the  viteilus,  now 
ramify,  of  course,  upon  the  surface  of  the  umbilical  vesicle. 

At  last  the  allantois,  by  its  continued  growth,  envelopes  nearly 
ihe  whole  of  the  remaining  contents  of  the  egg ;  so  that  toward  the 
later  periods  of  incubation,  at  whatever  point  we  break  open  the 
<)gg»  ^'6  find  the  internal  surface  of  the  shell-membrane  lined  with 
a  vascular  membranous  expansion,  supplied  by  arteries  which 
emerge  from  the  abdomen  of  the  foetus. 

It  is  easy  to  see,  accordingly,  with  what  readiness  the  absorption 
and  exhalation  of  gases  may  take  place  by  means  of  the  allantoia. 
The  air  penetrates  from  the  exterior  through  the  minute  pores  of 
the  calcareous  shell,  and  then  acts  upon  the  blood  in  the  vessels  of 
the  allantois  very  much  in  the  same  manner  that  the  air  in  the  minute 
bronchial  tubes  and  air-vesicles  of  the  lungs  acts  upon  the  blood  in 
the  pulmonary  capillaries.  Examination  of  the  egg,  furthermore, 
at  various  periods  of  incubation,  shows  that  changes  take  place  in 
it  which  are  entirely  analogous  to  those  of  respiration. 

The  egg,  in  the  first  place,  during  its  development,  loses  water  by 
exhalation.  This  exhalation  is  not  a  simple  effect  of  evaporation, 
but  is  the  result  of  the  nutritive  changes  going  on  in  the  interior 
of  the  egg ;  since  it  does  not  take  place,  except  in  a  comparatively 
slight  degree,  in  unimpr^nated  eggs,  or  in  those  which  are  not 
incubated,  though  they  may  be  freely  exposed  to  the  air.  The 
exhalation  of  fluid  is  also  essential  to  the  processes  of  development, 
for  it  has  often  been  found,  in  hatching  eggs  by  artificial  warmth, 
that  if  the  air  of  the  chamber  in  which  they  are  inclosed  become 
unduly  charged  with  moisture,  so  as  to  retard  or  prevent  further 
exhalation,  the  eggs  readily  become  spoiled,  and  the  development 
of  the  embryo  is  arrested.  The  loss  of  weight  during  natural  incu- 
bation, principally  due  to  the  exhalation  of  water,  has  been  found 
by  Baudrimont  and  St.  Ange'  to  be  over  16  per  cent  of  the  entire 
weight  of  the  egg. 

Secondly,  the  egg  absorbs  oxygen  and  exhales  carbonic  acid. 
The  two  observers  mentioned  above,  ascertained  that  during  eigb- 
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teen  days'  incubation,  the  egg  absorbs  nearly  2  per  cent  of  ii 
weight  of  oxygen,  while  the  quantity  of  carbonic  acid  exhulci]  frrm 
the  sixteenth  to  the  nineteenth  day  of  incubation  amounts  f^  t)o !«» 
than  3  grains  in  the  twenty-four  hours.'  It  is  curious  to  oltstm. 
also,  that  in  the  egg  during  incubation,  as  well  as  in  the  luJalt 
animal,  more  oxygen  is  absorbed  than  is  returned  by  exbaktiin 
under  the  form  of  carbonic  acid. 

It  is  evident,  therefore,  that  a  true  respiration  takes  place,  b 
means  of  tiie  allantois,  through  the  membranes  of  the  shell. 

The  allantois,  however,  is  not  simply  an  organ  of  respiration;  i 
takes  part  also  in  the  absorption  of  nutritious  matter.     As  ihc  pn> 
cess  of  development  advances,  the  skeleton  of  the  young  chick,  at 
first  entirely  cartilaginous,  begins  to  ossify.    The  calcareoua  nut- 
ter, necessary  for  this  ossification,  is,  in  all  probability,  derired  fiwa 
the  shell.     The  shell  is  certainly  lighter  and  njore  fragile  towaid 
the  end  of  incubation  than  at  first ;  and,  at  the  same  time,  the  cal" 
careous  ingredients  of  the  bones  increase  in  quantity.     Tlie  h^>^ 
salts,  requisite  for  the  process  of  ossification,  are  aj>pareDlly  ab- 
sorbed from  the  shell  by  the  vessels  of  the  allantois,  and  bvth«t 
transferred  to  the  skeleton  of  the  growing  chick ;  so  that,  in  tbc 
same  proportion  that  the  former  becomes  weaker,  the  latter  grow 
stronger.     This  diminution  in  density  of  the  shell  is  connecletl  aoi 
only  with  the  development  of  the  skeleton,  but  also  with  the  fi 
escape  of  the  chick  from  the  egg.    This  deliverance  is  accomplUhi 
mostly  by  the  movements  of  the  chick  itself,  which  become,  st 
certain  period,  sufficiently  vigorous  to  break  out  an  opening  in  the 
attenuatetl  and  weakened  egg-shell.     The  first  fracture  is  generalljr 
accomplished  by  a  stroke  from  the  end  of  the  bill ;  and  it  is  pre* 
ctsely  at  this  point  that  the  solidification  of  the  skeleton  is  most 
advanced.    The  egg-shell  itself,  therefore,  which  at  first  only  serres 
fur  the  protection  of  the   imperfectly-formed   embryo,  aftcrvaH 
furnishes  the  materials  which  are  used  to  accomplish  its  own  demo- 
lition, and  at  the  same  lime  to  effect  the  escape  of  the  fully  de 
loped  foetus. 

Toward  the  latter  periods  of  incubation,  the  allantois 
more  and  more  adherent  to  the  internal  surface  of  the  shell-roe 
brane.     At  last,  when  the  chick,  arrived  at  the  full  period  of 
velopment,  escapes  from  its  confinement,  the  allantoio  vessels  ■!•' 
torn  off  at  the  umbilicus ;  and  the  allantois  itself,  cast  off  as  a  use 
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less  and  effete  organ,  is  left  behind  in  the  cavity  of  the  abandoned 
egg-shell.  The  allantois  is,  therefore,  strictly  speaking,  a  foetal 
organ.  Developed  as  an  accessory  structure  from  a  portion  of  the 
intestinal  canal,  it  is  exceedingly  active  and  important  during  the 
middle  and  latter  periods  of  incubation;  but  when  the  chick  is 
completely  formed,  and  has  become  capable  of  carrying  on  an  in- 
dependent existence,  both  the  amnion  and  the  allantois  are  detached 
and  thrown  off  as  obsolete  structures,  their  place  being  afterward 
BUj^lied  by  other  organs  belonging  to  the  adult  condition. 
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CHAPTER    X. 

DEVELOPMENT   OP    TIIK    EGG    IN    THE    HUMAN 
SPECIES.  — FORM  ATION  OF  THE  CHORION. 
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We  bave  already  described,  in  a  preceding  chapter,  the  m«Bn«f 
in  which  tbe  outer  lamina  of  the  amniotic  fold  becomes  ad 
to  the  adjacent  surface  of  the  vitelline  membrane,  so  as  to  font 
with  it  but  a  single  layer ;  and  in  which  these  two  membranee^  tb« 
fused  and  united  with  each  other,  form  at  that  time  the  single  ex- 
ternal investing  membrane  of  the  egg.  The  allantois,  la  its  to: 
afterward  comes  in  contact  with  the  investing  membrane,  And 
immediately  beneath  it,  as  a  double  vascular  membranous  sjic. 
the  egg  of  the  human  subject  the  development  of  the  metnbrmMi, 
though  carried  on  essentially  upon  the  same  plan  with  that  whiA 
we  have  already  described,  undergoes,  in  addition,  some  fi 
modifications,  which  we  shall  now  proceed  to  explain. 
The  first  of  these  peculiarities  is  that  the  allantois,  afWr 

ing  out  upon  the  inner  surfaw 
^^"  the  external  investing  memhrai 

adheres  to,  and  fuses  with  it  jtat 
as  the  outer  lamina  of  the  amni- 
otic Ibid  has  previously  fuaoi 
with  the  vitelline  membrane. 
the  same  time,  the  two  layers 
longing  to  the  allantois  itself 
come  in  contact  and  faaa  tog^ 
ther ;  so  that  the  cavity  of  tbe 
allantois  is  obliterated,  and  instead 
of  forming  a  membranous  sac  ooQ' 
taining  fluid,  this  organ  is  amvirtf 
ed  into  a  simple  vatvular  membram. 
(Fig.  228.)  This  membrBN^ 
moreover,  being,  after  a  time,  thoroughly  fused  and  united  with  the 
two  which  have  preceded  it,  takes  the  place  which  was  prerioodj 
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occupied  by  them.  It  is  then  termed  the  chorion,  and  thus  becomes 
the  sole  external  investing  membrane  of  the  egg. 

We  find,  therefore,  that  the  chorion,  that  is,  the  external  coat  or 
investment  of  the  egg,  is  formed  successively  by  three  distinct 
membranes,  as  follows:  first,  the  original  vitelline  membrane; 
secondly,  the  outer  lamina  of  the  amniotic  fold ;  and,  thirdly,  the 
allantois;  the  last  predominating  over  the  two  former  by  the  rapidity 
of  its  growth,  and  absorbing  them  into  its  substance,  so  that  they 
become  finally  completely  incorporated  with  its  texture. 

It  is  easy  to  see,  also,  how,  in  consequence  of  the  above  process, 
the  body  of  the  foetus,  in  the  human  egg,  becomes  inclosed  in  two 
distinct  membranes,  viz.,  the  amnion,  which  is  internal  and  conti- 
naous  with  the  fcetal  integument,  and  the  chorion,  which  is  external 
and  supplied  with  vessels  from  the  cavity  of  tlie  abdomen.  The 
umbilical  vesicle  is,  of  course,  situated  between  the  two;  and  the 
rest  of  the  space  between  the  chorion  and  the  amnion  is  occupied 
by  a  semi-fluid  gelatinous  material,  somewhat  similar  in  appearance 
to  that  of  the  vitreous  body  of  the  eye. 

The  obliteration  of  the  cavity  of  the  allantois  takes  place  very 
early  in  the  human  subject,  and,  in  fact,  keeps  pace  almost  entirely 
with  the  progress  of  its  growth  ;  so  that  this  organ  never  presents, 
in  the  human  egg,  the  appearance  of  a  hollow  sac,  filled  with 
fluid,  but  rather  that  of  a  flattened  vascular  membrane,  enveloping 
the  body  of  the  fcctus,  and  forming  the  external  membrane  of  the 
egg.  Notwithstanding  this  difference,  however,  the  chorion  of  the 
human  subject,  in  respect  to  its  mode  of  formation,  is  the  same 
thing  with  the  allantois  of  the  lower  animals ;  its  chief  peculiarity 
consisting  in  the  fact  that  its  opposite  surfaces  are  adherent  to  each 
other,  instead  of  remaining  separate  and  inclosing  a  cavity  filled 
with  fluid. 

The  next  peculiarity  of  the  human  chorion  is,  that  it  becomes 
shaggy.  Even  while  the  egg  is  still  very  small,  and  has  but  recently 
found  its  way  into  the  uterine  cavity,  its  exterior  is  already  seen 
to  be  covered  with  little  transparent  prominences,  like  so  many 
villi  (Fig.  228),  which  increase  the  extent  of  its  surface  and  assist 
in  the  absorption  of  fluids  from  without.  The  villi  are  at  this  time 
quite  simple  in  form,  and  altogether  homogeneous  in  structure. 

As  the  egg  increases  in  size,  the  villi  rapidly  elongate,  and  be- 
come divided  and  ramified  by  the  repeated  budding  and  sprouting 
of  lateral  ofi&hoots  from  every  part.    After  this  process  of  growth 
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has  gone  on  for  some  time,  the  external  surface  of  the  chorion  pn> 
sents  a  uniformly  velvety  or  shaggy  appearance,  omng  to  its  Iwug 
covered  everywhere  with  these  tufted  and  compound  villositiM. 

The  villositiea  themselves,  when  examined  by  the  mtcroioopt 
have  an  excee<lingly  well-marked  and  characteristic  appearsMC 
(Fig.  224.)    They  originate  from  the  surface  of  the  chorion  by  t 

somewhat  narrow  stem,  and  diruit 
into  a  multitude  of  secondary  a&J 
tertiary  branches,  of  varying  liu 
and  figure;  some  of  them  sletxlcr 
and  filamentous,  others  clab-Bb^n^ 
many  of  them  irregularly  a:voIlen  it 
various  points.  All  of  then  fenm- 
nate  by  rounded  extremitiei^  8i^rifl| 
to  the  whole  tuft  a  certain  raem- 
bianco  to  some  varieties  of  aeB'Weci 
The  larger  trunks  and  branches  of 
the  villosity  are  seen  to  contain  nu- 
merous minute  nuclei,  imbedded  in 
a  nearly  homogeneous,  or  finely  gra- 
nular substratum.  The  smaller  oa« 
appear,  under  a  low  magnUying 
power,  simply  granular  in  textuft. 

These  villi  arc  altogether  poealiir 
in  appearance,  and  quita  unlike  aaj 
other  structure  which  may  be  met  with  in  the  body.  Whenererire 
find,  in  the  uterus,  any  [X)rtion  of  a  membrane  having  villcfedtia 
like  these,  we  may  be  sure  that  pregnancy  has  exi.4ted ;  for  tadk 
vJUosities  can  only  belong  to  the  chorion,  and  the  chorion  itself  a 
a  part  of  the  ftictus.  It  is  developed,  as  we  have  seen,  as  aD  <)«• 
growth  from  the  intestinal  canal,  and  can  only  oxii»t,  aooordioglj^ 
as  a  portion  of  the  fecundated  egg.  The  presence  of  portioiu 
shaggy  chorion  is  therefore  as  satisfactory  proof  of  the  cxi 
of  pregnancy,  as  if  he  had  found  the  body  of  the  fcetus  itaeiL 

While  the  villositiea  which  we  have  just  described  are  in  pK^ 
cess  of  formation,  the  allantois  itself  has  completed  its  growth,  and 
lias  Ijecorae  converted  into  a  permanent  chorion.  The  bloodTaMb 
coming  from  the  allantoic  arteries  accordingly  ramify  over  ifct 
chorion,  and  supply  it  with  a  tolerably  abundant  vascular  network. 
The  growth  of  the  fcx?tua,  moreover,  at  this  time,  ha«  reached  aock 
a  st.'ite  of  activity,  that  it  requires  to  be  suppliod  with  nourisbmcfit 
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by  vascuLr  absorption  instead  of  the  slow  process  of  imbibition, 
which  has  heretofore  taken  place  through  the  comparatively  incom- 
plete and  structureless  villi  of  the  cho- 
rion.   The  capillary  vessels,  accordingly,  *■*«•  226. 
with  which  the  chorion  is  supplied,  begin 
to  penetrate  into  the  substance  of  its  vil- 
losities.     They  enter  the  base  or  stem  of 
each  villosity,  and,  following  every  divi- 
sion of  its  compound  ramifications,  finally 
reach  its  rounded  extremities.     Here  they 
turn  upon  themselves  in  loops  (Fig.  225), 
like  the  vessels  in  the  papillae  of  the  skin, 
and  retrace  their  course,  to  unite  finally 
with  the  venous  trunks  of  the  chorion. 

The  villi  of  the  chorion  are,  therefore,  e„„„ ^r  of  tillositt  or 
very  analogous  in  structure  to  those  of   chobios.  nore  hiirhiy  i£.a«;ii. 

.....  1   .1     •  f>     1  fl^i  ■liowtug  the  arnuKcnieDt  of 

the  intestine;  and  their  power  of  absorp-    bi«od»e«Miuiuiuinwriot. 
tion,  as  in  other  similar  instances,  corre- 

pponds  with  the  abundance  of  their  ramifications,  and  the  extent 
of  their  vascularity. 

It  must  be  remembered,  also,  that  these  vessels  all  come  from  the 
abdomen  of  the  foetus ;  and  that  whatever  substances  are  taken  up 
by  them  are  transported  directly  to  the  interior  of  the  embryo,  and 
used  for  the  nourishment  of  its  tissues.  The  chorion,  therefore,  aa 
soon  as  its  villi  and  bloodvessels  are  completely  developed,  becomes 
an  exceedingly  active  organ  in  the  nutrition  of  the  foetus;  and  con- 
stitutes, in  fact,  the  only  means  by  which  new  material  can  be  in- 
troduced from  without. 

The  existence  of  this  general  vascularity  of  the  chorion  affords 
also,  as  Coste  was  the  first  to  point  out,  a  striking  indication  that 
this  membrane  is  in  reality  identical  with  the  allantois  of  the 
lower  animals.  If  the  reader  will  turn  back  to  the  illustrations  of 
the  formation  of  the  amnion  and  allantois  (Chap.  IX.),  he  will  see 
that  the  first  chorion  or  investing  membrane  is  formed  exclusively 
by  the  vitelline  membrane,  which  is  never  vascular  and  cannot  be- 
come so  by  itself,  since  it  has  no  direct  connection  with  the  foetus. 
The  second  chorion  is  formed  by  the  union  of  the  vitelline  mem- 
brane with  the  outer  lamina  of  the  amniotic  fold.  Both  laminae 
of  the  amniotic  fold  are  at  first  vascular,  since  they  are  portions  of 
the  external  blastodermic  layer,  and  derive  their  vessels  from  the 
integument  of  the  foetus.    But  after  the  outer  lamina  has  become 
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completely  separated  from  tho  inner,  by  the  disappearaoce  of  th» 
partition  which  for  a  time  connected  the  two  with  each  other  (Fi^ 
2L&,  c),  this  source  of  vascular  supply  is  cut  oflf;  and  the  secoad 
chorion  cannot,  therefore,  remain  vascular  ufler  that  period.  But 
the  third  or  permanent  chorion,  that  is,  the  allautois,  derivee  it8Te»> 
sels  directly  from  those  of  the  fostus,  and  retains  its  coonecdoo  «^1 
them  during  the  whole  period  of  gestation.  A  chorion,  therefig*^' 
which  is  universally  and  permanently  vascular,  can  be  no  oUicf 
than  the  allantois,  converted  into  an  external  investing  metnbcuw 
of  the  egg. 

Thirdly,  the  chorion,  which  is  at  one  time,  as  we  have  seen,  erBTT- 
where  villous  and  shaggy,  becomes  afterward  pdrtially  Itald. 
change  begins  to  take  place  about  the  end  of  the  second  raonik 
It  commences  at  a  point  opposite  the  situation  of  the  fcetusniul  tk 
insertion  of  the  foetal  vessels.  The  villosllies  of  tliis  region  «a« 
growing;  and  as  the  entire  egg  continues  to  enlarge,  the  viUo«itid 
at  the  point  indicated  fail  to  keep  pace  with  its  gri>v  "  i  vith 
the  progressive  expan.siou  of  the  chorion.  They  a*.-  .  .,.>- be- 
come at  this  part  thinner  and  more  scattered,  leaving  the  snrbei 
of  the  chorion  comparatively  smooth  and  bald.  This  bald 
creases  in  extent  and  becomes  more  and  more  complete;  s; 

and  advancing  over  the 
^"^'  cent  portions  of  the  choric 

until  at  least  two-thirds  of  it 
surface  have  become  nearlj 
or  quite  destitute  of  villositi 
At  the  opposite  point  of  i 
surface  of  tho  egg,  howe 
that  portion,  namely,  whi 
corresponds  with  the  it 
of  the  foetal  vessels,  the  rilloa* 
ties,  instead  of  becoming  $Xny 
phied.  continue  to  grww;  lod 
this  portion  of  the  chorion  In- 
comes even  more  shaggy  and 
thickly  set  than  before^  The 
consequence  is  that  the  chorion  afterward  presents  a  verv  differeat 
appearance  at  different  portions  of  its  surface.  (Fig.  226.)  The 
greater  part  of  it  is  smooth ;  but  a  certain  portion,  coostitittiiig 
about  one-third  of  the  whole,  is  covered  with  a  soft  and  ^poogy 
mass  of  long,  thickly-set,  compound  villoaities.     It  is  this  thiekaBed 
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and  shaggy  portion,  which  is  afterward  concerned  in  the  formation 
of  the  placenta ;  while  the  remaining  smooth  portion  continues  to 
be  known  under  the  name  of  the  chorion.  The  placental  portion 
of  the  chorion  becomes  distinctly  limited  and  separated  from  the 
remainder  by  about  the  end  of  the  third  month. 

The  vascularity  of  the  chorion  keeps  pace,  in  its  different  parts 
respectively,  with  the  atrophy  and  development  of  its  villosities. 
As  the  villosities  shrivel  and  disappear  over  a  part  of  its  extent, 
the  looped  capillary  vessels,  which  they  at  first  contained,  disappear 
also ;  so  that  the  smooth  portion  of  the  chorion  shows  afterward 
only  a  few  straggling  vessels  running  over  its  surface,  and  does  not 
contain  any  abundant  capillary  plexus.  In  the  thickened  portion, 
on  the  other  hand,  the  vessels  lengthen  and  ramify  to  an  extent 
corresponding  with  that  of  the  villosities  in  which  they  are  situated. 
The  allantoic  arteries,  coming  from  the  abdomen  of  the  foetus,  enter 
the  villi,  and  penetrate  through  their  whole  extent ;  forming,  at  the 
placental  portion  of  the  chorion,  a  mass  of  tufted  and  ramified  vas- 
cular loops,  while  over  the  rest  of  the  membrane  they  are  merely 
distributed  as  a  few  single  and  scattered  vessels. 

The  chorion,  accordingly,  is  the  external  investing  membrane  of 
the  egg,  produced  by  the  consolidation  and  transformation  of  the 
allantois.  The  placenta,  furthermore,  so  far  as  it  has  now  been 
described,  is  evidently  a  part  of  the  chorion ;  that  part,  namely, 
which  is  thickened,  shaggy,  and  vascular,  while  the  remainder  is 
comparatively  thin,  smooth,  and  membranous. 
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In  fish,  reptiles,  and  birds,  the  egg  is  either  provided  with  »  sup- 
ply of  nutritious  material  contained  within  its  membranes,  or  it  i» 
so  placed,  after  its  discharge  from  the  body  of  the  parent,  that  is 
can  absorb  these  materials  from  without.  Thus,  in  the  egg  of  \h» 
bird,  the  young  embryo  is  supported  upon  the  albuminous  matter 
deposited  around  the  vitellus;  while  in  the  frog  and  fish,  moisture^ 
oxygen,  saline  substances,  &c.,  are  freely  imbibed  from  the  waiet 
in  which  the  egg  is  placed. 

But  in  the  quadrupeds,  as  well  as  in  the  human  species,  the 
is  of  minute  size,  and  the  quantity  of  nutritious  matter  which 
contains  is  sufficient  to  last  only  for  a  very  short  time.     Moreovei 
the  development  of  the  ftetus  takes  place  altogether  within  the  body 
of  the  female,  and  no  supply,  therefore,  can  be  obtained  directly  ™ 
Irom  the  external  media.     In  these  instances,  accordingly,  the  mn*^ 
cous  membrane  of  the   uterus,  which  is  found   to  be  unusually 
developed  and  increased  in  functional  activity  during  the  |>eriod  of 
gestation,  becomes  a  source  of  nutrition  for  the  fecundated  egg. 
The  uterine  mucous  membrane,  thus  developed  and  hypertrophied,B 
is  known  by  the  name  of  the  Decidua, 

It  has  received  this  name  becau.se,  as  we  shall  hereafter  see,  i4 
becomes  exfoliatexi  and  thrown  oCT,  at  the  same  time  that  the  egg 
itself  is  finally  discharged. 

The  mucous  membrane  of  the  body  of  the  uterus,  in  the  unimpreg- 
nated  condition,  is  quite  thin  and  delicate,  and  presents  a  smooth 
and  slightly  vascular  internal  surface.     There  is,  moreover,  no  Uv 
of  submucous  cellular  tissue  between  it  and  the  muscular  substac 
of  the  uterus;  so  that  the  mucous  membrane  cannot  here,  as 
most  other  organs,  be  easily  dissected  up  and  separated  from  the 
subjacent  parts.     The  structure  of  the  mucous   membrane  itselt 
however,  is  sufficiently  well  marked  and  readily  distinguisli 
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Fig.  227. 
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)m   t"hat  of  other  parts.      It  consists,   tbroughout,    of  minute 
tubular  follicles,  ranged  side  by  Bide,  and  running  perpendicularly 
to  the  free  surface  of  the  mucous  membrane.  (Fig.  227.)    Near 
this    free    surface,   they    are    nearly 
straight;  but  toward  the  deeper  sur- 
face of  the  mucous  membrane,  where 
they  terminate  in  blind   extremities, 
they  become   more  or  less  wavy  or 
sjnral  in  their  course.     The  tubules 
are  about  ^|g  of  an  inch  in  diameter, 
and   are   lined    throughout  with   co- 
lumnar epithelium.  (Fig.  228.)     They 
occupy  the  entire  thickness  of  the  ute- 
rine mucous  membrane,  their  closed 
extremities  resting  upon  the  subjacent 

muscular  tissue,  while  their  mouths  open  into  the  cavity  of  the  ute- 
rus. A  few  fine  bloodvessels  penetrate  the  mucous  membrane  from 
below,  and,  running  upward 
between  the  tubules,  encircle 
their  superficial  extremities 
with  a  capillary  network. 
There  is  no  areolar  tissue  in 
the  uterine  mucous  mem- 
brane, but  only  a  small  q  uan- 
tity  of  spindle-shaped  fibro- 
plastic fibres,  scattered  be- 
tween the  tubules. 

As  the  fecundated  egg  is 
Mbout  to  descend  into  the 
cavity  of  the  uterus,  the  mu- 
cous membrane,  above  de- 
scribed, takes  on  an  increas- 
ed activity  of  growth  and 
an  unusual  development.  It 
becomes  tumefied  and  vascular ;  and,  as  it  increases  in  thickness,  it 
projects,  in  rounded  eminences  or  convolutions,  into  the  uterine 
cavity.  (Fig.  229.)  In  this  process,  the  tubules  of  the  uterus  in- 
crease in  length,  and  also  become  wider ;  so  that  their  open  mouths 
may  be  readily  seen  by  the  naked  eye  upon  the  uterine  surface,  as 
numerous  minute  perforations.  The  bloodvessels  of  the  mucous 
membrane  also  enlarge  and  multiply,  and  inosculate  freely  with 
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each  other ;  so  that  the  vascular  network  encircling  the  tubuli*  b» 
comas  more  extensive  and  abundant. 

The  internal  surface  of  the  uterus,  accordingly,  after  tbia  proceai 
has  been  for  some  time  going  on,  presents  a  thick,  rich,  soft.  t» 
cular,  and  velvety  lining,  quite  difterent  from  lliat  which  is  to  bs 
found  in  the  unimpregnated  condition.  In  consequence  of  this 
difference,  the  lining  membrane  of  the  uterus,  in  the  impregnued 
condition,  was  formerly  supposed  to  be  an  entirely  new  pn^jdact 
thrown  out  by  exudation  from  the  uterine  surface,  and  analugx>uj> 
in  this  respect,  to  the  inflammatory  exudations  of  oroup  and  pleu* 
risy.  It  is  now  known,  however,  to  be  no  other  than  the  muooo* 
membrane  of  the  uterus  itself,  thickened  and  hypertn>phie<l  toaa 
extraordinary  degree,  but  still  retaining  all  its  natural  oonnectioia 
and  its  original  anatomical  structure. 

The  hypertrophied  mucous  membrane,  above  described,  ooBiti- 
tutes  the  Decidfia  vera.  Its  formation  is  confined  altogether  to  the 
body  of  the  uterus,  the  mucous  membrane  of  the  cer^'ix  taking  no 
part  in  the  process,  but  retaining  its  original  appearance.  Hje 
deeidua  vera,  therefore,  commences  above,  at  the  orificea  of  tb« 
Fallopian  tubes,  and  ceases  below,  at  the  situation  of  the  o«  inicT' 
num.  The  cavity  of  the  cervix,  meanwhile,  begins  to  be  filled 
with  an  abundant  secretion  of  its  peculiarly  viscid  mucus,  which 
blocks  up,  more  or  less  completely,  its  passage,  and  protects  the 
internal  cavity.  But  there  is  no  membranous  partition  at  this  time 
covering  the  os  internum,  and  the  mucous  membranes  of  the  oenrix 
and  of  the  body  of  the  uterus,  though  very^  different  in  appearance. 
are  still  perfectly  continuous  with  each  other.  When  wo  cot  oftm 
the  Citvity  of  the  uterus,  therefore,  in  this  condition,  we  find  ila 
internal  surface  lined  with  the  decidua  vera,  with  the  opening  of 
the  02  internum  below  and  the  orifices  of  the  Fallopian  tubesaboftk 
perfectly  distinct,  and  in  their  natural  positions.  (Fig.  229.) 

As  the  fecundated  egg,  in  its  journey  from  above  dovntranl, 
passes  the  lower  orifice  of  the  Fallopian  tube,  it  insinnatee  itstflf 
between  the  opposite  surfaces  of  the  uterine  mucous  membnUM; 
and  becomes  soon  afterward  lodged  in  one  of  the  furrows  or  dfr 
pressions  between  the  projecting  convolutions  of  the  docidiOL 
(Fig.  229.)  It  is  at  this  situation  that  an  adhesion  snbeflqoeot^ 
takes  place  between  the  external  membranes  of  the  egg,  on  iba 
one  hand,  and  the  uterine  decidua  on  the  other.  Now,  tX  the  pofail 
where  the  egg  becomes  fixed  and  entangled,  as  above  stated,  a  rtfll 
more  rapid  development  than  before  takes  phwae  in  the  uteriM 
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mucous  membrane.  Its  projecting  folds  begin  to  grow  up  around 
the  egg  in  sucli  a  manner  as  to  partially  inclose  it  in  a  kind  of 
circumvallation  of  the  decidua,  and  to  shut  it  ofif,  more  or  less  con> 


Fig.  229, 


Fig.  280. 
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pletely,  from  the  general  cavity  of  the  uterus.  (Fig.  230.)  The  egg 
is  thus  soon  contained  in  a  special  cavity  of  its  own,  which  still 
communicates  for  a  time  with  the  general  cavity  of  the  uterus  by 
a  small  opening,  situated  over  its  most 
prominent  portion,  which  is  known  as  the 
"decidual  umbilicus."  As  the  above  pro- 
cess  of  growth  goes  on,  this  opening  be- 
comes narrower  and  narrower,  while  the 
projecting  folds  of  decidua  approach  eaeli 
other  over  the  surface  of  the  egg.  At 
last  these  folds  actually  touch  each  other 
and  unite,  forming  a  kind  of  cicatrix 
which  remains  for  a  certain  time,  to  mark 
the  situation  of  the  original  opening. 

When  the  development  of  the  uterus  and 
its  contents  has  reached  this  point  (Fig. 
281),  it  will  be  seen  that  the  egg  is  com- 
pletely inclosed  in  a  distinct  cavity  of  its 

own ;  being  everywhere  covered  with  a  decidual  layer  of  new  for- 
mation, which  has  thus  gradually  enveloped  it,  and  by  which  it  is 
conoealed  from  view  when  the  uterine  cavity  is  laid  open.    This 
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uewly-tbrmed  layer  of  decidua,  enveloping,  as  above  described,  tin 
projecting  portion  of  the  egg,  is  called  the  Decidua  rcjlcxa;  becanw 
it  is  reflected  over  the  egg,  by  a  coutinuoua  growth  from  the  genenl 
surface  of  the  uterine  mucous  membrane.  The  orifices  of  the  utt-riM 
tubules,  accordingly,  in  consequence  of  the  manner  in  which  the 
decidua  rcflexa  is  formed,  will  be  seen  not  only  on  its  external  sur- 
face, or  that  which  looks  toward  the  cavity  of  the  uterus,  butalaooo 
its  internal  surface,  or  that  which  looks  toward  the  egg. 

The  decidua  vera,  therefore,  is  the  original  mucous  membnw 
lining  the  surface  of  the  uterus ;  while  the  decidua  refiexa  is  a  new 
formation,  which  baa  grown  up  round  the  egg  and  inclosed  it  in  a 
distinct  cavity. 

If  abortion  occur  at  this  time,  the  mucous  membrane  of  the 
uterus,  that  is,  the  decidua  vera,  is  thrown  off,  and  of  course  brings 
away  with  it  the  egg  and  decidua  reflexa.  On  examining  the  nus 
discharged  in  such  an  abortion,  the  egg  will  accordingly  be  foand 
imbedded  in  the  substance  of  the  decidual  membrane.  One  si 
of  this  membrane,  where  it  has  been  t-om  away  from  its  attachment 
to  the  uterine  walls,  is  ragged  and  shaggy;  the  other  side,  oorrea- 
ponding  to  the  cavity  of  the  uterus,  is  smooth  or  gently  oonvoloted, 
and  presents  very  distinctly  the  orifices  of  the  uterine  tubule; 
while  the  egg  itself  can  only  be  extracted  by  cutting  through  the 
decidual  membrane,  either  from  one  side  or  the  other,  and  openiog 
in  this  way  the  special  cavity  in  which  it  has  been  inclosed. 

During  the  formation  of  the  decidua  reflexa,  the  entire  ^g,  u 
well  as  the  body  of  the  uterus  which  contains  it,  has  oonsideniblr 
enlargerl.  That  portion  of  the  uterine  mucous  membrane  situated 
immediately  underneath  the  egg,  and  to  which  the  egg  first  becane 
attached,  has  also  continued  to  increase  in  thickness  ai>d  vftacalui^. 
The  remainder  of  the  decidua  vera,  however,  ceases  to  grow  tt 
rapidly  as  before,  and  no  longer  keeps  pace  with  the  increasiiig 
si/^e  of  the  egg  and  of  the  uterus.  It  is  still  very  thick  and  TttsoxK 
lar  at  the  end  of  the  third  month;  but  ailer  that  period  it  beoooM 
comparatively  thinner  and  less  glandular  in  appearance,  while  tb« 
unusual  activity  of  growth  and  development  ia  concentrated  in  tiie 
egg,  and  in  that  portion  of  the  uterine  mucous  membrane  whidli  ift 
in  immediate  contact  with  it. 

Let  us  now  see  in  what  manner  the  egg  becomes  attached  to 
decidual  membrane,  so  as  to  derive  from  it  the  requisite  sapplj 
nutritious  material.    It  must  be  recollected  that,  while  the  above 
changes  have  been  taking  place  in  the  walls  of  the  uteru^  the 
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formation  of  the  embryo  in  the  egg,  and  the  development  of  the 
amnion  and  chorion  have  been  going  on  simultaneously.  Soon 
after  the  entrance  of  the  egg  into  the  uterine  cavity,  its  external 
investing  membrane  becomes  covered  with  projecting  filaments,  or 
Tillosities,  as  previously  described,  (Chap.  X.)  These  villosities, 
vhich  are  at  first,  as  we  have  seen,  solid  and  non-vascular,  insinuate 
themselves,  as  they  grow,  into  the  uterine  tubules,  or  between  the 
folds  of  the  decidual  surface  with  which  the  egg  is  in  contact^  pene- 
trating in  this  way  into  little  cavities  or  follicles  of  the  nterine 
mucous  membrane,  formed  either  from  the  cavities  of  the  tubules 
themselves,  or  by  the  adjacent  surfaces  of  minute  projecting  folds. 
When  the  formation  of  the  decidua  reflexa  is  accomplished,  the 
chorion  has  already  become  uniformly 

Via   282. 

shaggy ;  and  its  villosities,  spreading  in  all  *^ 

directions  from  its  external  surface,  pene- 
trate everywhere  into  the  follicles  above  de- 
Boribed,  both  of  the  decidua  vera  underneath 
it  and  the  contiguous  surface  of  the  decid  ua 
reflexa  with  which  it  is  covered.  (Fig.  232.) 
In  this  way  the  egg  becomes  entangled 
with  the  decidua,  and  cannot  then  be  read- 
ily separated  from  it,  without  rupturing 
some  of  the  filaments  which  have  grown 
from  its  surface,  and  have  been  received 
into  the  cavity  of  the  follicles.  The  nu-  ,dl!J'gZl^Z  w"n  "i! 
tritious  fluids,  exuded  from  the  soft  and  i°"'"«»  °' «'''°'''»°  "*  d«cida«i 
glandular  textures  of  the  decidua,  are  now 

readily  imbibed  by  the  villosities  of  the  chorion ;  and  a  more  rapid 
supply  of  nourishment  is  thus  provided,  corresponding  in  abun> 
dance  with  the  increased  and  increasing  size  of  the  egg. 

Very  soon,  however,  a  still  greater  activity  of  absorption  be- 
Gomes  necessary ;  and,  as  we  have  seen  in  a  preceding  chapter,  the 
external  membrane  of  the  egg  becomes  vascular  by  the  formation 
of  the  allantoic  bloodvessels,  which  emerge  from  the  body  of  the 
fisetua,  to  ramify  in  the  chorion,  and  penetrate  everywhere  into  the 
villosities  with  which  it  is  covered.  Each  villosity,  then,  as  it  lies 
imbedded  in  its  uterine  follicle,  contains  a  vascular  loop  through 
which  the  foetal  blood  circulates,  increasing  the  rapidity  with  which 
absorption  and  exhalation  take  place. 

Subsequently,  furthermore,  these  vascular  tufts,  which  are  at  first 
uniformly  abundant  throughout  the  whole  extent  of  the  chorion. 
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disappear  over  a  portion  of  its  surface,  while  tbey  at  tbe  same  time 
become  concentrated  and  still  farther  developed  at  a  pardcQlir 
spot,  the  situation  of  the  future  placenta.  (Fig.  233.)    This  is  tbe 

spot  at  which  tbe  egg  is  in  contact  vritls 
the  decidua  vera.  Here,  therefore, both 
the  decidual  membrane  and  the  toAi 
of  the  chorion  continue  to  increa^  ia 
thickness  and  vascularity ;  while  cI»^ 
where,  over  the  prominent  portion  d 
llie  egg.  the  chorion  not  only  becoma 
hire  of  villosities,  and  comparatively 
destitute  of  vessels,  but  the  decidua  rt 
flexa,  which  is  in  contact  with  il,  also 
loses  its  activity  of  growtbj  und  be- 
comes expanded  into  a  thin  layer,  netrly 
destitute  of  vessels,  and  without  anj 
remaining  trace  of  tubules  or  follicles 
The  uterine  mucous  membrane  if 
therefore  developed,  during  the  process 
of  gestation,  in  such  a  way  aa  toproride 
for  the  nourishment  of  the  foetus  in  tbe  difterent  stages  of  itsgromK. 
At  first,  the  whole  of  it  is  uniformly  increased  in  thickness  (deddoi 
vera).  Next,  a  portion  of  it  grows  upward  around  the  egg,  nd 
covers  its  projecting  surface  (decidua  reflexa).  Afterward,  both  the 
decidua  reflexa  and  the  greater  part  of  the  decidua  vera  dimiush 
in  the  activity  of  their  growth,  and  lose  their  importjince  as  a  meaw 
of  nourishment  for  the  egg;  while  that  part  which  is  in  contactwith 
the  vascular  tufts  of  the  chorion  continues  to  grow,  becoming  el 
ceedingly  developed,  and  taking  an  active  part  in  the  formadi 
the  placenta. 

In  the  following  chapter,  we  shall  examine  more  particularly 
structure  and  development  of  tbe  placenta  itself,  and  of  those  parti 
which  are  immediately  connected  with  it. 
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CHAPTER    XII. 

THE  PLACENTA. 

We  have  shown  in  the  preceding  chapters  that  the  foetus,  daring 
its  development,  depends  for  its  supply  of  nutriment  upon  the  lining 
membrane  of  the  maternal  uterus ;  and  that  the  nutriment,  so  sup- 
plied, is  absorbed  by  the  bloodvessels  of  the  chorion,  and  transported 
in  this  way  into  the  circulation  of  the  foetus.  In  all  instances,  ac- 
cordingly, in  which  the  development  of  the  foetus  takes  place  within 
the  body  of  the  parent,  it  is  provided  for  by  the  relation  thus  esta- 
blished between  two  sets  of  membranes;  namely,  the  maternal 
membranes  which  supply  nourishment,  and  the  foetal  membranes 
which  absorb  it. 

In  some  species  of  animals,  the  connection  between  the  maternal 
and  foetial  membranes  is  exceedingly  simple.  In  the  pig,  for  ex- 
ample, the  uterine  mucous  membrane  is  everywhere  uniformly 
vascular;  its  only  peculiarity  consisting  in  the  presence  of  nume- 
Tons  transverse  folds,  which  project  from  its  surface,  analogous  to 
the  valvules  conniventes  of  the  small  intestine.  The  external  in- 
vesting membrane  of  the  egg,  which  is  the  allantois,  is  also  smooth 
and  uniformly  vascular  like  the  other.  No  special  development  of 
tissue  or  of  vessels  occurs  at  any  part  of  these  membranes,  and 
no  direct  adhesion  takes  place  between  them;  but  the  vascular 
allantois  or  chorion  of  the  foetus  is  everywhere  closely  applied  to 
the  vascular  mucous  membrane  of  the  maternal  uterus,  each  of  the 
two  contiguous  surfaces  following  the  undulations  presented  by  the 
other.  (Fig.  234.)  By  this  arrangement,  transudation  and  absorp- 
tion take  place  from  the  bloodvessels  of  the  mother  to  those  of  the 
foetus,  in  sufficient  quantity  to  provide  for  the  nutrition  of  the  latter. 
When  parturition  takes  place,  accordingly,  in  these  animals,  a  very 
moderate  contraction  of  the  uterus  is  sufficient  to  expel  its  contents. 
The  egg,  displaced  from  its  original  position,  slides  easily  forward 
over  the  surface  of  the  uterine  mucous  membrane,  and  is  at  last 
discharged  without  any  hemorrhage  or  laceration  of  connecting 
parts.    In  other  instances,  however,  the  development  of  the  foetus 

requires  a  more  elaborate  arrangement  of  the  vascular  membranes. 
41 
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In  iiiQ  cow,  for  example,  the  external  membrane  of  the  egg,  begi<lc 
being  everywhere  i^upplied  with  brandling  vessels,  presents 
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various  points  of  its  surface  no  less  than  from  seventy  to  eighty  onl 
spots,  at  each  of  wliicli  the  vessels  of  the  chorion  are  developed  intoi 
abundant  tufted  prominences,  )»anging  from  its  exterior  in  thicu 
velvety,  vascular  miisses.  At  each  point  of  the  uterine  mucoos  menir^ 
hrane,  corresponding  with  one  of  these  tuited  masses^  the  materaal 
Ulootlvessels  are  developed  in  a  similar  manner,  projecting  into  the 
uterine  cavity  as  a  flattened  rounded  mass  or  cake;  which,  with  that 
part  of  the  ftntal  chorion  which  is  adherent  to  it,  ia  known  by  tbflfl 
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name  of  the  Ootyhthn.  Each  cotyledon  forma,  therefore;  a  Httl 
]>iacenta.  (Fig.  286.)  In  its  substance  the  tufVed  vascular  IfX'f 
coming  from  the  uterine  mucous  membrane  ('/,</)  are  ent^nf^ 
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witli  those  coming  from  the  membranes  of  the  foetus  (b,  b).  There 
is  no  absolute  adhesion  between  the  two  sets  of  vessels,  but  only 
an  interlacement  of  their  ramified  extremities;  and,  with  a  little 
care  in  manipulation,  the  foetal  portion  of  the  cotyledon  may  be 
extricated  from  the  maternal  portion,  without  lacerating  either.  In 
consequence,  however,  of  this  intricate  interlacement  of  the  vessels, 
transudation  of  fluids  will  evidently  take  place  with  great  readiness^ 
from  one  system  to  the  other. 

The  form  of  placenta,  therefore,  met  with  in  these  animals,  is  one 
in  which  the  bloodvessels  of  the  foetal  chorion  are  simply  entangled 
with  those  of  the  uterine  mucous  membrane.  In  the  human  sub- 
ject, the  structure  of  the  placenta  is  a  little  more  complicated, 
though  the  main  principles  of  its  formation  are  the  same  as  in  the 
above  instances. 

From  what  has  been  said  in  the  foregoing  chapters,  it  appears 
that  in  the  human  subject,  as  well  as  in  the  lower  animals,  the 
placenta  is  formed  partly  by  the  vascular  tufts  of  the  chorion, 
and  partly  by  the  thickened  mucous  membrane  of  the  uterus  in 
which  they  are  entangled.  During  the  third  month,  those  portions 
of  the  chorion  and  decidua  which  are  destined  to  undergo  this 
transformation  become  more  or  less  distinctly  limited  in  their  form 
ai^d  dimensions;  and  a  thickened  vascular  mass,  partly  maternal 
ttod  partly  foetal  in  its  origin,  shows  itself  at  the  spot  where  the 
placenta  is  afterward  to  be  developed.  This  mass  is  constituted  in 
fhe  following  manner. 

It  will  be  recollected  that  the  villi  of  the  chorion,  when  first 
Ibrmed,  penetrate  into  follicles  situated  in  the  substance  of  the 
uterine  mucous  membrane ;  and  that  after  they  have  become  vas- 
enlar,  they  rapidly  elongate  and  are  developed  into  tufl»d  ramifi- 
<Mioii8  of  bloodvessels,  each  one  of  which  turns  upon  itself  in  a 
loop'  at  the  end  of  the  villus.  At  the  same  time  the  uterine  follicle, 
into  which  the  villus  has  penetrated,  enlarges  to  a  similar  extent ; 
sending  out  branching  diverticula,  corresponding  with  the  multi- 
plied ramifications  of  the  villus.  In  fact,  the  growth  of  the  follicle 
and  that  of  the  villus  go  on  simultaneously,  and  keep  pace  with 
each  other;  the  latter  constantly  advancing  as  the  cavity  of  the 
former  enlarges. 

But  it  is  not  only  the  uterine  follicles  which  increase  in  size  and 
in  complication  of  structure  at  this  period.  The  capillary  blood- 
vessels, which  lie  between  them  and  ramify  over  their  exterior, 
also  become  unusually  developed.  They  enlnffre  and  inosculate 
freely  with  each  other;  so  that  every  uterine  follicle  is  soon  covered 
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witk  an  abundant  network  of  dilated  capillaries,  derived  froi 
bloodvessels  of  the  original  decidua.  At  this  time,  therefore, 
vascular  loop  of  the  foetal  chorion  is  covered,  firet>  with  a  laver] 
forming  the  wall  of  the  villus.  This  is  in  contact  witb  the  lining 
membrane  of  a  uterine  follicle,  and  outside  of  this  again  are  the 
capillary  vessels  of  the  uterine  mucous  membrane;  so  that  twoj 
distinct  membranes  intervene  between  the  walls  of  the  festal  captU 
laries  on  the  one  hand  and  those  of  the  maternal  capillaries  OO  the 
other,  and  all  transudation  must  take  place  through  the  sabstutte 
of  these  two  membranes. 

As  the  formation  of  the  placenta  goes  on,  the  anatomical  ar 
ment  of  the  foetal  vessel  remains  the  same.  They  continue i 
form  vascular  loops,  penetrating  deeply  into  the  decidual  mem- 
brane; only  they  become  constantly  more  elongated,  and  their 
ramifications  more  abundant  and  tortuous.  The  maternal  capilla- 
ries, however,  situated  on  the  outside  of  the  uterine  follicles,  beoooM 
considerably  altered  in  their  anatomical  relations.  They  enlaige 
excessively ;  and,  by  encroaching  constantly  upon  the  little  iskia 
or  spaces  between  them,  fuse  successively  with  each  other;  asd. 
losing  gradually  in  this  way  the  characters  of  a  capillary  network, 

become     dilated     into     wide 
y'g-  286.  sinuses,    which     commynioste 

freely  with  the  enlarged  Teasdi 
in  the  muscular  walls  of  the 
uterus.  As  the  original  capU* 
lary  plexus  occupied  the  entiro 
thickness  of  the  hypertrophied 
decidua,  the  vascular  sinuaei; 
into  which  it  is  thus  converted, 
are  equally  extensive.  Tbcy 
commence  at  the  inferior  sur- 
face of  the  placenta,  where  it  is 
in  contact  witb  the  moscular 
walls  of  the  uterus,  and  extend 
through  its  whole  thiolntea^ 
quite  up  to  the  sur&oe  of  the 
fuetal  chorion. 
As  the  maternal  sinuses  grow  upward,  the  vascular  tufts  of  the 
chorion  grow  downward,  and  extend  also  through  the  entire  thick- 
ness of  the  placenta.  At  this  period,  the  development  of  the  blood- 
vessels,  both  in  the  foetal  and  maternal  portions  of  the  placenta,  if 
no  excessive  that  all  the  other  tissues,  which  originally  co-exiat«d 
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Fig.  237. 


witli  them,  become  retrograde  and  disappear  almost  altogether.  If 
a  villua  from  the  ftetal  portion  of  the  placenta  be  examined  at  this 
time  by  tran-sparency,  in  the  fresh  coTidition  (Fig.  236)  it  will  be 
Been  that  its  bloodves-scls  aro  covered  only  with  a  layer  of  homo- 
geneous, or  llnuly  granular  material,  jj'au  of  an  inch  in  thickness, 
in  which  are  imbedded  small  oval-shaped  nuclei,  similar  to  those 
seen  at  an  earlier  period  in  the  viilosities  of  the  chorion.  The  vil- 
losities  of  the  chorion  are  now^  therefore,  hardly  anything  more 
than  ramified  and  tortuous  vascular  loops ; 
the  remaining  substance  of  the  villi  hav- 
ing been  atrophied  and  absorbed  in  the 
excessive  growth  of  the  bloodvessels,  the 
abundance  and  development  of  which 
can  be  readily  shown  by  injection  from 
the  umbilical  arteries.  (Fig,  237.)  The 
uterine  follicles  have  at  the  same  time 
lost  all  trace  of  their  original  structure, 
and  have  become  mere  vascular  sinuses, 
into  which  the  tufted  fcetal  bloodvessels 
are  received,  as  the  viilosities  of  the  cho- 
rion were  at  first  received  into  the  uterine 
follicles. 

Finally,  the  walls  of  the  foetal  blood- 
vessels having  come  into  close  contact  with  the  walls  of  the  maternal 
sinuses,  the  two  become  adherent  and  fuse  together ;  so  that  a  time 
at  last  arrives,  when  we  can  no  longer  separate  the  foetal  vessels,  in 
the  substance  of  the  placenta,  from  the  maternal  sinuses,  without 
lacerating  either  the  one  or  the  other,  owing  to  the  secondary 
adhesion  which  has  taken  place  Ijctween  them. 

The  placenta,  therefore,  when  perfectly  formed,  has  the  structure 
which  is  shown  in  the  accompanying  diagram  (Fig.  238),  repre- 
senting a  vertical  section  of  the  organ  through  its  entire  thickness. 
At  a,  a,  is  seen  the  chorion,  rcceivnng  the  umbilical  vessels  from  the 
body  of  the  foetus  through  the  umbilical  cord,  and  sending  out  its 
compound  and  ramified  vascular  tufts  into  the  substance  of  the 
placenta.  At  b,  b,  ia  the  attached  surface  of  the  decidua,  or  uterine 
mucous  membrane ;  and  at  r,  r,  c,  c,  are  the  orifices  of  uterine  ves- 
sels which  penetrate  it  from  below.  These  vessels  enter  the  placenta 
in  an  extremely  oblique  direction,  though  they  are  represented  in 
the  diagram,  for  the  sake  of  distinctness,  as  nearly  perpendicular. 
When  they  have  once  penetrated,  however,  the  lower  portion  of 
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the  decidua,  they  immediately  dilate   into  the   placental  sini 
(represented,  ia  the  diagram,  in  black),  which  exteud  through  tbe 

Fig.  288. 
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whole  thickness  of  the  organ,  closely  embracing  all  the  mmifia' 
tious  of  the  fcetiU  tufts.  It  will  be  seen,  therefore,  that  the  plaoaH^ 
arrived  at  this  stnge  of  completion,  is  composed  essentially  of  no- 
thing but  bloo<l vessels.  No  other  tussues  cuter  into  its  structure; 
for  all  those  which  it  originally  contained  have  disappeared,  exoepi- 
ing  the  bloodvessela  of  the  foetus,  entangled  with  and  adherent 
the  bloodvessela  of  the  mother. 

There  is,  however,  no  direct  communication  between  the  (bdal 
and  maternal  vessels.  The  blood  of  the  foetus  is  always  separated 
from  the  blood  of  the  mother  by  a  membrane  which  has  resoked 
from  the  successive  union  and  fusion  of  four  diftereat  membnuie% 
viz>,  first,  the  membrane  of  the  foetal  villus;  secondly,  that  of 
uterine  follicle;  tlnr<lly,  the  wall  of  the  fa?tal  bloodv«*.ssel ;  aod, 
fourthly,  the  wall  of  the  uterine  sinus.  The  single  membrane.  hoiT' 
ever,  into  which  these  four  finally  coalesce,  is  extremely  thin,  ni 
we  have  seen,  and  of  enormous  extent,  owing  to  the  extremely 
abundant  branching  and  subdivision  of  the  foetal  ttifts.  Those  tuftfl^ 
accordingly,  in  whicli  the  blood  of  the  fcetus  circulates,  are  botlied 
everywhere,  in  the  placental  sinuses,  with  the  blood  of  tbe  mother; 
and  the  proces-ses  of  endosmosis  and  exosmosis,  of  exhalation  ami 
absorption^  go  on  between  the  two  with  the  greatest  poaaUe 
activity. 
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It  is  very  easy  to  demonstrate  the  arrangement  of  the  fcetal 
tufts  in  the  human  placenta.  They  can  be  readily  seen  by  the 
naked  eye,  and  may  be  easily  traced  from  their  attachment  at  the 
under  surface  of  the  chorion  to  their  termination  near  the  uterine 
surface  of  the  placenta.  The  anatomical  disposition  of  the  pla- 
oental  sinuses,  however,  is  much  more  di£&cult  of  examination. 
During  life,  and  while  the  placenta  is  still  attached  to  the  uterus, 
they  are  filled,  of  course,  with  the  blood  of  the  mother,  and  occupy 
fully  one-half  the  entire  mass  of  the  placenta.  But  when  the  pla« 
oenta  is  detached,  the  maternal  vessels  belonging  to  it  are  torn  off 
at  their  necks  (Fig.  288,  c,  c,  c,  c),  and  the  sinuses,  being  then 
emptied  of  blood  by  the  compression  to  which  the  placenta  is  sub* 
jected,  are  apparently  obliterated ;  and  the  fcetal  tufts,  falling  to* 
gether  and  lying  in  contact  with  each  other,  appear  to  constitute 
the  whole  of  the  placental  mass.  The  existence  of  the  placental 
sinttBes,  however,  and  their  true  extent,  may  be  satisfactorily  de- 
monstrated in  the  following  manner. 

If  we  take  the  uterus  of  a  woman  who  has  died  undelivered  at 
the  full  term  or  thereabout,  and  open  it  in  such  a  way  as  to  avoid 
wounding  the  placenta,  this  organ  will  be  seen  remaining  attached 
to  the  uterine  surface,  with  all  its  vascular  connections  complete. 
Let  the  foetus  be  now  removed  by  dividing  the  umbilical  cord,  and 
the  uterus,  with  the  placenta  attached,  placed  under  water,  with  its 
internal  surface  uppermost.  If  the  end  of  a  blowpipe  be  now 
introduced  into  one  of  the  divided  vessels  of  the  uterine  walls,  and 
air  forced  in  by  gentle  insufflation,  we  can  easily  inflate,  first,  the 
venous  sinuses  of  the  uterus  itself,  and  next,  the  deeper  portions 
of  the  placenta;  and  lastly,  the  bubbles  of  air  insinuate  themselves 
everywhere  between  the  foetal  tufts,  and  appear  in  the  most  super- 
ficial portions  of  the  placenta,  immediately  underneath  the  trans- 
parent chorion  (a,  a,  Fig.  238);  thus  showing  that  the  placental 
sinuses,  which  freely  communicate  with  the  uterine  vessels,  really 
occupy  the  entire  thickness  of  the  placenta,  and  are  equally  exten- 
sive with  the  tufts  of  the  chorion.  We  have  verified  this  fact  in 
the  above  manner,  on  six  different  occasions,  and  in  the  presence 
of  Prof.  C.  B.  Oilman,  Prof  Geo.  T.  Elliot,  Prof.  Henry  B.  Sands, 
Prof.  T.  G.  Thomas,  Dr.  T.  0.  Finnell,  and  various  other  medical 
gentlemen  of  New  York. 

If  the  placenta  be  now  detached  and  examined  separately,  it  will 
be  found  to  present  upon  its  uterine  surface  a  number  of  openings 
which  are  extremely  oblique  in  their  position,  and  which  are 
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according! J  bounded  on  one  side  by  a  very  thin,  projectiD^ 
centic  edge.  Tlieae  are  tlie  orilicea  of  the  uterine  vessels,  puno^ 
into  the  placenta  and  torn  off  at  their  necks,  as  above  described ; 
and  by  carefully  following  them  with  the  probe  and  scissors,  tbej 
are  found  to  lead  at  once  into  extensive  empty  cavities  (the  pla- 
cental sinuses),  situated  between  the  foetal  tufls.  We  have  alreiidr 
shown  that  these  cavities  are  tilled  during  life  with  the  rnaleml 
blood ;  and  there  is  every  reason  to  believe  that  before  dttliTeij, 
and  while  the  circulation  is  going  on,  the  placenta  is  at  lemst  twioi 
as  large  as  after  it  has  been  detached  and  expelled  from  the  utenu. 

The  placenta,  accordingly,  is  a  double  organ,  formed  partly  br 
the  chorion  and  partly  by  the  decidua ;  and  consisting  of  mat«rQ&l 
and  foetal  bloodvessels,  inextricably  entangled  and  united  with  each 
other. 

The  part  which  this  organ  takes  in  the  development  of  the  fa*tiu 
is  an  exceedingly  important  one.  From  the  dale  of  its  formatioo, 
at  about  the  beginning  of  the  fourth  month,  it  constitutes  1 1 
channel  through  which  nourishment  is  conveyed  from  the 
to  the  foetus.  The  nutritious  materials,  which  circulate  in  abun- 
dance  in  the  blood  of  the  maternal  sinuses,  pass  through  the  inter 
veniiig  membrane  by  endosmosis,  and  enter  the  blood  of  the  foetoa. 
The  healthy  or  injurious  regimen,  to  which  the  mother  is  subjected, 
will  accordingly  exert  an  almost  immediate  influence  upon  tb« 
child.  Even  medicinal  subatances,  taken  by  the  mother  and  ab- 
sorbed into  her  circulation,  may  readily  transude  through  the  pla- 
cental vessels ;  and  they  have  been  known  in  this  way  to  exert  a 
specific  eflect  u[ion  the  foetal  organization. 

The  placenta  is,  furthermore,  an  organ  of  exhalation  as  well  U 
of  absorption.  The  excrementitious  substances,  produced  in  the 
circulation  of  the  fietus,  are  undoubtedly  in  great  measure  dispond 
of  by  transudation  through  the  walls  of  the  placental  vessels,  to  be 
afterward  discharged  by  the  excretory  organs  of  the  mother.  The 
system  of  the  mother  may  therefore  bo  affected  in  this  manner  by 
influences  derived  from  the  fa-tus.  It  has  been  remarked  more 
than  once,  in  the  lower  animals,  that  when  the  female  has  two  soO' 
ceasive  litters  of  young  by  different  males,  the  young  of  the  aeoood 
litter  will  sometimes  bear  marks  resembling  those  of  the  first  male^ 
In  these  instances,  the  peculiar  influence  wliich  produces  th«ex 
ternal  mark  must  have  been  transmitted  by  tho  first  male  direetlj) 
to  the  footus,  from  the  foetus  to  the  mother,  and  from  the  mother  lo 
the  fioetus  of  the  second  litter. 
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It  is  also  through  the  placental  circulation  that  those  disturbing 
effects  are  produced  upon  the  nutrition  of  the  foetus,  which  result 
from  sudden  shocks  or  injuries  inflicted  upon  the  mother.  There  is 
now  little  room  for  doubt  that  various  deformities  and  deficiencies  of 
the  foetus,  conformably  to  the  popular  belief,  do  really  originate,  in 
certain  cases,  from  nervous  impressions,  such  as  disgust,  fear  or  anger, 
experienced  by  the  mother.  The  mode  in  which  these  effects  may 
be  produced  is  readily  understood  from  what  has  been  said  above 
of  the  anatomy  and  functions  of  the  placenta.  We  know  very  welJ 
how  easily  nervous  impressions  will  disturb  the  circulation  in  the 
brain,  the  face,  the  lungs,  &c. ;  and  the  uterine  circulation  is  quite 
as  readily  influenced  by  similar  causes,  as  physicians  see  every  day 
in  cases  of  amenorrhcea,  menorrhagia,  &c.  If  a  nervous  shock  may 
excite  premature  contraction  in  the  muscular  fibres  of  the  pregnant 
uterus  and  produce  abortion,  as  not  unfrequently  happens,  it  is  cer- 
tainly capable  of  disturbing  the  course  of  the  circulation  through 
the  same  organ.  But  the  fcetal  circulation  is  dependent,  to  a  great 
extent,  on  the  maternaL  Since  the  two  sets  of  vessels  are  so  closely 
entwined  in  the  placenta,  and  since  the  foetal  blood  has  here  much 
the  same  relation  to  the  maternal,  that  the  blood  in  the  pulmonary 
capillaries  has  to  the  air  in  the  air-vesicles,  it  will  be  liable  to  de- 
rangement from  similar  causes.  If  the  circulation  of  air  through 
the  pulmonary  tubes  be  suspended,  that  of  the  blood  through 
the  general  capillaries  is  disturbed  also.  In  the  same  way,  what- 
ever arrests  or  disturbs  the  circulation  tlirough  the  vessels  of  the 
maternal  uterus  must  necessarily  be  liable  to  interfere  with  that 
in  the  fcetal  capillaries  forming  part  of  the  placenta.  And  lastly, 
as  the  nutrition  of  the  foetus  is  provided  for  wholly  by  the  placenta. 
It  will  of  course  suffer  immediately  from  any  such  disturbance  of 
the  placental  circulation.  These  effects  may  be  manifested  either 
in  the  general  atrophy  and  death  of  the  foetus ;  or,  if  the  disturbing 
cause  be  slight,  in  the  atrophy  or  imperfect  development  of  par- 
ticular parta ;  just  as,  in  the  adult,  a  morbid  cause  operating  through 
the  entire  system,  may  be  first  or  even  exclusively  manifested  in 
flome  particular  organ,  which  is  more  sensitive  to  its  influence  than 
other  parts. 

The  placenta  must  accordingly  be  regarded  as  an  organ  which 
performs,  during  intra-uterine  life,  offices  similar  to  those  of  the 
lungs  and  the  intestine  after  birth.  It  absorbs  nourishment,  reno 
vates  the  blood,  and  discharges  by  exhalation  various  excrementi- 
iious  matters,  which  originate  in  the  processes  of  foetal  nutrition 
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CHAPTER   XII T. 

PISCHARGE    OF   THE    OVUM,    AND    RETBOORADI 
DEVKLOPMENT  (INVOLUTION)  OF  THE   UTERUS,  i 


During  the  growth  of  the  ovum  and  the  formation  of  the  pb* 
cental  structures,  the  muscuhir  substance  of  the  uterus  also  iocrattti 
in  thickness,  while  the  whole  organ  enlarges,  in  order  lo  tuoeoaumy 
date  the  growing  fostus  and  its  appendages.  The  relative  poritioM 
of  the  amnion  and  chorion,  furthermore,  undergo  a  change  dariog 
the  latter  periods  of  gestation,  and  the  umbilical  cord  beoonm 
developed,  at  tlie  same  time,  in  the  following  manner. 

In  the  earlier  periods  of  foetal  life,  the  umbilical  cord  nrmmtiT 
simply  of  that  portion  of  the  allantuis  lying  next  the  abdonien.  It 
is  then  very  short,  and  contains  the  umbilical  vessels  niDnin|i^  ioa 
nearly  straight  course,  and  parallel  with  each  other,  from  the  abdi: 
men  of  the  foetus  to  the  external  portions  of  the  chorion.  At  tbU 
time  the  amnion  closely  invests  the  body  of  the  foetus,  so  that  ihe 

size  of  its  cavity  is  but  little  largrr 


Fig.  289. 


than  that  of  the  fcatua.  (Pig.  iSH., 
Th^i  space  between  the 
and  the  chorion  is  then  occupt&i! 
Iiy  an  amorphous  gelatinous  ua- 
terial,  in  which  lies  imbedided  tin 
umbilical  vesicle. 

Afterward,  however,  the  ara* 
nion  enlarges  faster  than  the  oiiO' 
rion,  and  encroaches  opoo  iIm 
layer  of  gelatinous  matter  mtualai 
between  the  two  (Fig.  240\ 
the  same  time  that  an  albumino 
fluid,  the  "amniotic  fluid,"  is  ex 
uded  into  its  cavity,  in  ooostaittly 
increasing  quantity.  Subsequently,  the  gelatinous  layer,  ftbored^ 
scribedj  altogether  disappears,  and  the  amnion,  at  about  the 


r 
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BNLABGBMEKT   OJT   THK    AMNION. 


IIuMA^  OrDM  *l  «tui  of  third  Boiull,  kbowlajt 
anUrgemeat  of  >miilou. 


oing  of  the  fifth  month,  cumes  in  contact  with  the  internal  surface 

ol  the  cliorioo.     Finally,  toward  the  end  of  gestution,  the  contact 

becomes  so  close  between  these 

two  membranes  that  they  are  ^8-  **<>• 

partially    adherent    to    each 

other,  and  it  requires  a  Uttie 

care  to  separate  them  without 

laceration. 

The  quantity  of  the  amniotic 
fluid  continues  to  increase  dur- 
ing the  latter  period  of  gesta- 
tion m  order  to  accommodate 
the  movements  of  the  foetus. 
These  movements  begin  to  be 
perceptible  about  the  filYh 
month,  at  which  time  the 
muscular  sysletn  has  already 

attained  a  considerable  degree  of  development^  but  become  after- 
ward more  frequent  and  more  strongly  pronounced.  The  space 
and  freeilom  requisite  for  these  movements  are  provided  for  by  the 
fluid  accumulated  m  the  cavity  of  the  amnion. 

The  umbiliciii  cord  elongates,  at  the  same  time,  in  proportion  to 
the  increasing  size  of  the  amniotic  cavity.  During  its  growth,  it 
becomes  spirally  twisted  from  right  to  left,  the  two  umbilical  arte- 
ries winding  round  tlie  vt'in  in  the  same  direction.  The  gelatinous 
matter,  as  already  described  as  existing  between  the  amnion  and 
chorion,  while  it  disappears  elsewhere,  acenmulates  in  the  cord  in 
considerable  quantity,  covering  the  vessels  witli  a  thick,  elastic  en 
velope,  which  protects  them  from  injury  and  prevents  their  being 
accidentdly  compressed  or  obliterated.  The  whole  is  covered  by  a 
portion  of  the  amnion,  which  is  connected  at  one  extremity  with  the 
integument  of  the  abdomLMi,  an<l  invests  the  whole  of  the  cord  with 
a  continuous  sheath,  like  the  finger  of  a  glove.  (Fig.  241.) 

The  cord  also  contains,  for  a  certain  period,  the  po<licle  or  stern 
of  the  umbilical  vesicle.  The  situation  of  this  vesicle,  it  will  be 
recollected,  is  always  between  the  chorion  and  the  amnion.  Its. 
pedicle  gradually  elongates  with  the  growth  of  the  umbilical  cord : 
and  the  vesicle  itself,  which  generally  disappears  soon  after  the 
third  month,  sometimes  remains  as  late  as  the  fifth,  sixth,  or  seventh. 
According  to  Prof.  Mayer,  of  Bonn,  it  may  even  be  found,  by  care- 
ful search,  at  the  termination  of  pregnancy.     When  discovered  \o 
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the  midflle  and  latter  perio^is  of  gestation,  it  presents  itself  ts  f 
small,  flattened,  aud  shrivelled  vesicle,  situated  andcmeatfa  th« 
amnian,  at  a  variable  distance  from  the  insertion  of  the  uinbilical 
cord.  A  minute  bloodvessel  is  often  seen  running  to  it  from  the 
cord,  and  ramifying  upon  its  surface. 

Fig.  241. 


V 


J-J 


4.   Aninloa. 


Tlie  decidua  reflexa,  during  the  latter  months  of  pregtMneT.  If 
constantly  distended  and  pusfiied  back  by  the  increasing  Hze  of  tlM 
Qgg]  so  that  it  is  fnially  pressed  closely  against  the  opposite  soHmt 
of  the  decidua  vera,  Avhich  still  lines  the  greater  part  of  the  tnerint 
cavity.  By  the  end  of  the  seventh  month,  the  opposite  enrlMMf 
of  the  decidua  vera  and  reflexa  are  in  complete  contact  with  eaA 
Other,  though  still  distinct  and  capable  of  being  separated  withoot 
difficulty.  After  that  time,  they  fuse  together  and  beoome  ooo- 
founded  with  each  other;  the  two  at  last  forming  onljr  ft  tiofl^ 
thin,  friable,  semi-opaque  layer,  in  which  no  trace  of  their  origbdl 
glandular  structure  can  be  discovered. 

This  is  the  condition  of  things  at  the  termination  of  pregn 
Then,  the  time  having  arriveil  for  parturition  to  take  plaoe. 
hypertrophicd  muscular  walla  of  the  uterus  contract  forcibly  upoo 
its  contents,  and  the  egg  is  discharged,  together  with  the  whole  ot 
the  decidual  uterine  mucous  membrane. 


inQU 
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In  tlie  human  subject,  as  well  as  in  most  quadrupeds,  tlie  mem« 
branes  of  the  egg  are  usually  ruptured  during  the  process  of  par- 
turition ;  and  the  fcetus  escapes  first,  the  placenta  and  the  rest  of 
the  appendages  following  a  few  moments  afterward.  Occasionallj, 
however,  even  in  thd  human  subject,  the  egg  is  discharged  entire^ 
and  the  foetus  liberated  afterward  by  the  laceration  of  the  mem- 
branes. In  each  case,  however,  the  mode  of  separation  and  expul- 
sion  is  in  all  particulars  the  same. 

The  process  of  parturition,  therefore,  consists  essentially  in  a 
separation  of  the  decidual  membrane,  which,  on  being  discharged, 
brings  away  the  ovum  with  it.  The  greater  part  of  the  decidua 
vera,  having  fallen  into  a  state  of  atrophy  during  the  latter  months 
of  pregnancy,  is  by  this  time  nearly  destitute  of  vessels,  and  sepb- 
rates,  accordingly,  without  any  perceptible  hemorrhage.  That  por- 
tion,  however,  which  enters  into  the  formation  of  the  placenta,  is, 
on  the  contrary,  excessively  vascular ;  and  when  the  placenta  is 
separated,  and  its  maternal  vessels  torn  off  at  their  necks,  as  before 
mentioned,  a  gush  of  blood  takes  place,  which  accompanies  or 
immediately  follows  the  birth  of  the  foetus.  This  hemorrhage, 
which  occurs  as  a  natural  phenomenon  at  the  time  of  parturition, 
does  not  come  from  the  uterine  vessels  proper.  It  consists  of  the 
blood  which  was  contained  in  the  placental  sinuses,  and  which  is 
expelled  from  them  owing  to  the  compression  of  the  placenta  by 
the  walls  of  the  uterus.  Since  the  whole  amount  of  blood  thus 
lost  was  previously  employed  in  the  placental  circulation,  and  since 
the  placenta  itself  is  thrown  off  at  the  same  time,  no  unpleasant 
effect  is  produced  upon  the  mother  by  such  a  hemorrhage,  because 
the  natural  proportion  of  blood  in  the  rest  of  the  maternal  system 
remains  the  same.  Uterine  hemorrhage  at  the  time  of  parturition, 
therefore,  becomes  injurious  only  when  it  continues  after  complete 
separation  of  the  placenta;  in  which  case  it  is  supplied  by  the 
mouths  of  the  uterine  vessels  themselves,  left  open  by  failure  of  the 
uterine  contractions.  These  vessels  are  usually  instantly  closed, 
after  separation  of  the  placenta,  by  the  contraction  of  the  muscular 
fibres  of  the  uterus.  They  pass,  as  we  have  already  mentioned,  in 
an  exceedingly  oblique  direction,  from  the  uterine  surface  to  the 
placenta ;  and  the  muscular  fibres,  which  cross  them  transversely 
above  and  below,  necessarily  constrict  them,  and  effectually  close 
their  orifices,  immediately  on  being  thrown  into  a  state  of  contraction 

Another  very  remarkable  phenomenon,  connected  with  preg- 
nancy and  parturition  is  the  appearance  in  the  uterus  of  a  new 
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mucous    ineml>Fane,  growing  underneath   the  old,   and   rtawlr 
tuke  the  place  of  the  latter  after  its  discharge. 

If  the  internal  surface  of  the  body  of  the  nterus  be  exAmioi 
immefliately  after  partuntion,  it  will  be  seen  that  at  the  gp«:)t  whrrt 
the  placenta  was  attached,  every  trace  of  mucous  mcmbr»Dc  list 
disappeared.  The  muscular  fibres  of  the  uterus  are  here  perf«lly 
exposed  and  bare ;  while  the  mouths  of  the  ruptured  uterine  sinat!^ 
are  also  visible,  with  their  thin,  ragged  edges  hanging  into  the 
cavity  of  the  uterus,  and  their  orifices  plugged  with  more  or  lit 
abundant  bloo<ly  coagula. 

Over  the  rest  of  the  uterine  surface,  the  decidua  vera  has 
disappeared.  Here,  however,  notwithstanding  the  loss  of  tba 
ginal  mucous  membrane,  the  muscular  fibres  are  not  perfectly  bare; 
but  are  covered  with  a  thin,  semi-transparent  film,  of  a  whiti:(h  color 
and  soft  consistency.  This  film  is  an  imperfect  mucous  merabnoc 
of  new  formation,  which  begins  to  be  produced,  undcmestb  tl 
old  decidua  vera,  as  early  as  tlie  beginning  of  the  eighth  moodi. 
We  have  seen  tliis  new  mucous  membrane  very  distinctly  io 
uterus  of  a  woman  who  died  undelivered  at  the  above  penu: 
The  old  mucous  membrane,  or  decidua  vera,  is  at  this  time  eo\ 
what  opaque,  and  of  a  slightly  yellowish  color,  owing  to  a 
fatty  degeneration  which  it  underg<jes  in  the  latter  montlia  of  pre^ 
nancy.  It  is  easily  raised  and  separated  from  the  subjacent  partsc 
owing  to  the  atrophy  of  its  vascular  connections;  ami  the  new 
mucous  membrane,  situated  beneatli  it,  is  readily  distinguished  by 
its  fresh  color,  and  healthy,  transparent  aspect. 

The  mucous  membrane  of  the  cervi:c  uteri,  which  takes  no  pa 
in  the  formation  of  the  decidua,  is  not  thrown  off  in  parturilio 
but  remains  in  its  natural  position;  and  after  delivery  it  may  ht] 
seen  to  terminate  at  the  os  internum  by  an  uneven,  lacerated  edg^ 
where  it  was  formerly  continuous  with  the  decidua  vera. 

Subsequently,  a  regeneration  of  the  mucous  membrane  takes  place 
over  the  whole  extent  of  the  body  of  the  uterus.  The  maoo' 
membrane  of  new  formation,  which  is  already  in  existence  at  t 
time  of  delivery,  becomes  thickened  and  vascular;  and  glandal 
tubules  are  gradually  developefl  in  its  substance.  At  the  end  i 
two  months  after  delivery,  according  to  Hesi-hl'  and  Ix»nget,'  it  h 
entirely  regained  tlie  natural  structure  of  the  uterine  mucooa  raeia 


'  Z-itorUrift  (1.'r  K.  K.  Oe/«.-n»<'liari  .ifr  Aerrtf.  In  Wien,  18S3. 
■  Tntite  il«i  rii/aiulngi«.     Da  la  Geii6nt1on,  p.  173. 
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brane.    It  unites  at  the  os  interura,  by  a  linear  cicatrix,  with  the 
mucous  membrane  of  the  cervix,  and  the  traces  of  its  laceration  at 
this  spot  afterward  cease  to  be  visible     At  the  point,  however, 
where  the  placenta  was  at- 
tached, the  regeneration  of  P'g-  242. 
♦the   mucous   membrane  is 
less  rapid;  and  a  cicatrix- 
like  spot  is  oflen  visible  at 
this    situation   for    several 
months  after  delivery. 

The  only  further  change, 
which  remains  to  be  de- 
scribed in  this  connection, 
is  the  futty  degeneration 
and  reconstruction  of  the 
moscnlar  substance  of  the 
uterus.  This  process,  which 
is  sometimes  known  as  the 
"involution"  of  the  uterus, 
takes  place  in  the  following 
manner.  The  muscular 
fibres  of  the  unimpregnated 
uterus  are  pale,  flattened, 
spindle-shaped  bodies  (Fig. 
242)  nearly  homogeneous 
in  structure  or  very  faintly 
granular,  and  measuring 
firom  yl^c  ^^  3in  ^^  ^^  ^^^^ 
in  length,  by  Tn'oB  ^  bVojj 
of  an  inch  in  width.  During 
gestation  these  fibres  in- 
crease very  considerably  in 
size.  Their  texture  becomes 
much  more  distinctly  granu- 
lar, and  their  outlines  more 
strongly  marked.  An  oval 
nucleus  also  shows  itself  ii; 

the  central  part  of  each  fibre.  The  entire  walls  of  the  uterus,  at  the 
time  of  delivery,  are  composed  of  such  muscular  fibres,  arranged  in 
circular,  oblique,  and  longitudinal  bundles. 

About  the  end  of  the  firi<t  week  after  delivery,  these  fibres  hegtv 


MvtCVIiAk       FtBCBt       or      T7llIMPBB0>*T*D 

(TTBKi;a;  ftom  a  woman  a^  40,  dead  of  phtblat* 
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Fig.  248. 


Mpscvlab  Fibbbb  op  Hcmaw  tTrBBva,  teo 
dayi  al«r  partaritloD ;  from  a  woman  dead  of  pner- 
peral  feTor. 


656 


DIJCOARGE    OF    TIIK    OTUX. 


to  undergo  a  fatty  degeneration,  (Fig.  243.)  Their  grantiles  }»■ 
come  larger  and  more  prominent,  and  very  50on  aasume  tl»e 
appearance  of  molecules  of  fat,  deposited  in  the  substance  of  ibc 
fibre.  The  fatty  deposit,  thus  commenced,  increases  in  abundanw, 
and  the  molecules  continue  to  enlarge  until  they  become  converted 
into  fully  formed  oil-globules,  which  fill  the  interior  of  the  fibn»j 

more   or    less    completelr.j 
^8-  244.  and  mask,  to  a  certain  ex- 

tent, its  anatomical  ciii>| 
racters.  (Fig.  244.)  TI» 
universal  fatty  dcgeoen- 
tion,  thus  indaced^  giveato 
the  uterus  a  softer  coDOfll- 
ency,  and  a  pale  yellovidi 
color  which  is  characterittk 
of  it  at  this  period.  Tb« 
muscular  fibres  which  bave^ 
become  altered  by  the  latt|fl 
deposit  are  afterward  gni- 
dually  absorbed  and  diap- 
pear;  their  place  being 
subsequently  taken 
other  fibres  of  new  fo 
tion,  which  already 
to  make  their  appearance  before  the  old  ones  have  been  completely 
destroyed.  As  this  process  goes  on.  it  results  finally  in  a  c^mplddl 
renovation  of  the  muscular  substance  of  the  uterus.  The  o 
becomes  again  reduced  in  size,  compact  in  tissue,  and  of  a  pfti 
ruddy  hue,  as  in  the  ordinary  unimpregnated  condition.  This  entire 
renewal  or  reconstruction  of  the  uterus  is  completed,  accordiog  to 
Heschl,'  about  the  end  of  the  second  month  after  delivery. 


MuiCDLAE  FiiiKci  or  HciiAK  Dreiiri,  thrv« 
we«ka  after  p*rtuilUoD ;  from  ii  womkB  dead  of  p«ri- 
toultU, 
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CHAPTER  XIV. 

DEVELOPMENT  OF  THE  EMBRYO— NKRV0U8  SYST«;M 
OUOANS   OF  SKNSE,   sjKKLETON.  AND    LIMBS. 


Fig.  215. 


The  first  trace  of  a  spinal  cord  in  the  embryo  consists  of  tlie 
double  longitudinal  fold  or  ridge  of  the  bla-stodermic  membrane, 
which  shows  itself  at  an  early  j^eriod,  as  ahuve  described,  ou  each 
aide  the  median  furrow.  The  two  Jaminfo  of  which  this  is  com- 
jx>sed,  on  the  right  and  left  sides  (Fig.  245,  a,  h),  unite  with  each 
other  in  front,  formiixg  a  ruimded  dilatation  (c), 
the  cephalic  extremity,  and  behind  at  d,  forming 
a  pointed  or  caudal  extremity.  Xear  the  pos- 
terior extremity,  there  is  a  smaller  dilatation, 
which  marks  the  future  situation  of  the  lumbar 
enlargement  of  the  spinal  cord. 

^a  the  laminffl  above  described  grow  upward 
and  backward,  they  tmite  with  each  other  upon 
the  median  line,  so  that  the  whole  is  converted 
into  a  hollow  cylindrical  cord,  terminating  ante- 
riorly by  a  bulbous  enlargement,  and  posteriorly 
by  a  pointofl  enlargement;  the  central  cavity 
which  it  contains  running  continuously  through 
it,  from  front  to  rear. 

The  next  obange  which  shows  itself  is  a  divi- 
sion of  the  anterior  bulbous  enlargement  into 
three  secondary  compartments  or  vesicles  (Fig. 
246),  which  are  partially  separated  from  each  other  by  transverse 
constrictions.  These  vesicles  are  known  as  the  thrte  certbral  vesi- 
cles, from  which  all  the  different  parts  of  the  encephalon  are  after 
ward  to  be  developed.  The  first,  or  most  anterior  cerebral  vesicle 
is  destined  to  form  the  hemispheres;  the  second,  or  middle  the 
tubercula  quatlrigemina;  and  the  third,  or  posterior,  the  meduila 
oblongata.  All  three  vesicles  are  at  this  time  hollow,  and  their 
42 
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Fig.  216. 


cavities  communicate  freely  witb  each  other,  through  the  inte: 
ing  constrictions. 

Very  soon  the  anterior  ami  the  posterior  cerebral  vesicled  sufler 
a  further  division ;  the  middle  one  remaia* 
ing  undivided.  The  anterior  vesicle  thos 
separates  into  two  portions,  of  which  tbe 
first,  or  larger,  constitutes  the  bemisphens. 
while  the  second,  or  smaller,  becomes  the 
optic  thalami.  The  third  vesicle  alao  ««epa- 
ratea  into  two  portions,  of  which  the  ante- 
rior becomes  the  cerebellum,  and  the  pos- 
terior the  medulla  oblongata. 

There  are,  therefore,  at  this  timo  fi« 
cerebral  vesicles,  all  of  whose  cavities  com- 
municate with  each  other  and  with  the 
central  cavity  of  the  spinal  cord.  The 
entire  cerebro-spinal  axis,  at  the  same  timeu 
becomes  very  strongly  curved  in  an  ante- 
rior direction,  corresponding  with  the  ante- 
rior  curvature  of  the  body  of  the  etnbrjo 
(Fig,  247);  so  that  the  middle  vesicle,  or 
that  of  the  tubercula  quadrigemina,  occtt' 
pies  a  prominent  angle  at  the  upper  part  (rf 
the  eucephalon,  while  the  hemispheres  and  the  medulla  oblang»l» 
are  situated  below  it,  anteriorly  and  posteriorly. 

At  first,  it  will  be  observed,  the  relative  size  of  the  various  part* 
of  the  cnceplialon  is  very  different  from  that  which 
they  afterward  attain  in  the  adult  condition.  Tli* 
hemispheres,  for  example,  are  hardly  larger  than 
the  tubercula  quadrigemina;  and  the  cerebellum 
is  very  much  inferior  in  size  to  the  medulla  ohlon- 
gata.  Soon  afterward,  the  relative  position  and  mx» 
of  the  partjj  begin  to  alter.  The  hemisphere*  ami 
tubercula  quadrigemina  grow  faster  than  the  poste- 
rior portions  of  the  encephalon ;  and  thecerchdluia 
becomes  doubled  backward  over  the  medulla  obl»: 
gata.  (Fig.  248.)  Subsequently,  the  homisphe 
rapidly  enlarge,  growing  upward  and  backward 
so  as  to  cover  in  and  conceal  both  the  optic  lh» 
lami  and  the  tubercula  quadrigemina  (Fig.  240);  the  cere' 
tending  in  the  same  way  to  grow  backward,  and  projectin 
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and  farther  over  the  medulla  oblongata.     The  subsequem  hisioT  v 
ot  the  development  of  the  enccphalon  is  little  more  thaa  a  cou- 

Fig.  248.  Fig  249. 
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tinuation  of  the  same  process;  the  relative  dimensions  of  the  parU- 
constantly  changing,  so  that  the  hemispheres  become,  in  the  adol» 
condition  (Fig.  260),  the  largest  of  all  the  divisions  of  the  ence- 

Pig.  260 
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phalon,  while  the  cerebellum  is  next  in  size,  and  covers  entirely 
the  upper  portion  of  the  medulla  oblongata.  The  surfaces,  also,  of 
the  hemispheres  and  cerebellum,  which  were  at  first  smooth,  become 
afterward  convoluted;  increasing,  in  this  way,  still  farther  the 
extent  of  their  nervous  matter.  In  the  human  foetus,  these  con- 
volutions begin  to  appear  about  the  beginning  of  the  fifth  month 
(Longet),  and  grow  constantly  deeper  and  more  abundant  during 
the  remainder  of  fcetJil  life. 

The  lateral  portions  of  the  brain  growing  at  the  same  time  more 
rapidly  than  that  which  is  situated  on  the  median  line,  they  soon 
project  on  each  side  outward  and  upward ;   and.  by  folding  over 
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against  each  other  in  the  median  line,  form  the  right  and  left  hemi 
spheres,  separated    from   each  other   by  the    longitudinal  Jusim, 
A  similar  process  of  growth  taking  place  in  the  spinal  c5ord  resuli 
in  the  formation  of  the  two  lateral  columns  and  the  anterior  and 
terior  median  fissures  of  the  cord.     Elsewhere  the  median,  fissure 
less  complete,  as,  for  example,  between  the  two  latersl  halves  of  tht 
cerebellum,  the  two  optic  thalami  and  corpora  striata,  and  the  t 
tubercnla  quadrigemina ;  but  it  exists  everywhere,  and  marks  mo- 
or less  distinctly  the  division  between  the  two  aidea  of  the  ncrroiM' 
centres,  produced  by  the  excessive  growth  of  their  lateral  jx>rti<>D8. 
In  this  way  the  whole  cerebro-spinal  axis  is  converted  into  a  doable 
organ,  equally  developed  upon  the  right  and  left  sides,  and  tmrtuH 
divided  by  a  longitudinal  median  fissure. 

Organs  of  Special  Sense. — The  eyes  are  formed  bv  a  divcrtico' 
which  grows  out  on  each  side  from  the  first  cerebral  vesicle.  Ti 
diverticulum  is  at  first  hollow,  its  cavity  communic-ating  with 
of  tbe  hemisphere.  Afterward,  the  passage  between  the  two  ig  fil 
up  with  a  deposit  of  nervous  matter,  and  becomes  the  optic  wrri 
The  globular  portion  of  the  diverticulum,  which  is  converted  into 
the  globe  of  the  eye,  lias  a  very  thin  layer  of  nervous  matter  depo- 
sited upon  its  internal  surface,  which  becomes  the  trtina ;  the  rest 
of  its  cavity  being  occupied  by  a  gelatinous  semi-fluid  substaoo^ 
the  vitreous  body.  The  crystalline  lens  is  formed  in  a  distinct  f( 
licle,  which  is  an  olTahoot  of  the  integument,  and  becomes  partiall 
imbe<]ded  in  the  anterior  portion  of  the  globe  of  the  eye 
cornea  also  is  originally  a  part  of  the  integument,  and  re: 
partially  opaque  tintil  a  very  late  period  of  development.  Its  t 
clears  up,  however,  and  becomes  perfectly  transparent,  shortly, 
fore  birth. 

The  iris  is  a  muscular  septum  which  is  formed  in  front  ofT 
crystalline  lens,  separating  the  anterior  and  posterior  chnmben  of 
the  aqueous  humor.  Its  central  opening,  which  afterward  beooniM 
the  pupil,  is  at  first  closed  by  a  vascular  membrane,  the  pvpiltaij 
membrane,  passing  directly  across  the  axis  of  the  eye,  Tbe  veasefa 
of  this  membrane,  which  are  derived  from  those  of  the  iria»  8Tths»- 
quently  become  atrophied.  They  disappear  first  from  its  omtn, 
and  afterward  recede  gradually  toward  its  circumference ;  returning 
always  upon  themselves  in  loops,  the  convexities  of  which  ared 
toward  the  centre  of  the  membrane.  The  pupillary  membmne 
finally  becomes  atrophied  and  destroyed,  following  in  this 
grade  process  the  direction  of  its  receding  bloodvessels,  viz. 
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ike  centre  toward  the  circumference.  It  hais  completely  disappeared 
by  the  end  of  the  serenth  month.  (Cruveilhier.) 

The  eyelids  are  formed  by  folds  of  the  integument,  which 
gradually  project  from  above  and  below  the  situation  of  the  eye- 
balL  They  grow  so  rapidly  during  the  second  and  third  months 
that  their  free  margins  come  in  contact  and  adhere  together,  so  that 
they  cannot  be  separated  at  that  time  without  aorhe  degree  of  vio- 
lence. They  remain  adherent  from  this  period  until  the  seventh 
month  (Gruy),  when  their  margins  separate  and  they  become  per- 
fectly free  and  movable.  In  the  carnivorous  animals,  however 
(dogs  and  cats),  the  eyelids  do  not  separate  from  each  other  until 
eight  or  ten  days  after  birth. 

The  internal  ear  is  formed  in  a  somewhat  similar  manner  with 
the  eyeball,  by  an  ofi&hoot  from  the  third  cerebral  vesicle;  the 
passage  between  them  filling  up  by  a  deposit  of  white  substance^ 
which  becomes  the  auditory  nerve.  The  tympanum  and  auditory 
meatus  are  both  offshoots  from  the  external  integument 

Skeleton. — At  a  very  early  period  of  development  there  appears, 
as  we  have  already  described  (Chap.  VII.),  immediately  beneath  the 
cerebro-spinal  axis,  a  cylindrical  cord,  of  a  soft,  cartilaginous  con- 
sistency, termed  the  chorda  dorsalis:  It  consists  of  a  fibrous  sheath 
containing  a  mass  of  simple  cells,  closely  packed  together  and 
united  by  adhesive  material.  This  cord  is  not  intended  to  be  a 
permanent  part  of  the  skeleton,  but  is  merely  a  temporary  organ 
destined  to  disappear  as  development  proceeds. 

Immediately  around  the  chorda  dorsalis  there  are  deposited  soon 
afterward  a  number  of  cartilaginous  plates,  which  encircle  it  in  a 
aeries  of  rings,  corresponding  in  number  with  the  bodies  of  the  future 
vertebraa.  These  rings  increase  in  thickness  from  without  inward, 
encroaching  upon  the  substance  of  the  chorda  dorsalis,  and  finally 
taking  its  place  altogether.  The  thickened  rings,  which  have  been 
filled  up  in  this  way  and  solidified  by  cartilaginous  deposit,  become 
the  bodies  of  the  vertebrss ;  while  their  transverse  and  articulating 
processes,  with  the  laminaa  and  spinous  processes,  are  formed  by 
subsequent  outgrowths  from  the  bodies  in  various  directions. 

When  the  union  of  the  dorsal  plates  upon  the  median  line  fails 
to  take  place,  the  spinal  canal  remains  open  at  that  situation,  and 
presents  the  malformation  known  as  spina  bifida.  This  malforma- 
tion may  consist  simply  in  a  fissure  of  the  spinal  canal,  more  or  less 
extensive,  in  which  case  it  tnay  often  be  cured,  or  may  even  close 
spontaneously ;  or  it  may  be  complicated  with  an  imperfect  deve 
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lopmeot  or  complete  absence  of  the  spinal  cord  at  the 

wheu  it  is  accompanied  of  course  by  paralysis  of  the  \owtr  est- 

tremities,  and  almost  necessarily  results  in  early  death. 

The  entire  skeleton  is  at  first  cartilaginous.  The  first 
ossification  show  tliemselves  about  the  beginning  of  the 
month,  almost  simultaneously  in  the  clavicle  and  the  upper  aod 
lower  jaw.  Then  come  in  the  following  order,  the  long  boiie»n( 
tlie  extremities,  the  bodies  and  processes  of  the  vertebne,  the 
of  the  head,  the  ribs,  pelvis,  scapula,  metacarpus  and  mvtatorc 
and  the  phalanges  of  the  fingers  and  toes.  The  bones  of  the  carpa% 
however,  are  all  cartilaginous  at  birth,  and  do  not  begin  to  omft 
until  a  year  afterward.  The  calcaneum  and  astragal  as  begin  to 
ossify,  according  to  Cruveilhier,  during  the  latter  i>eriod«  of  ftsul 
life,  but  the  remainder  of  the  tarsus  is  cartilaginous  at  birth.  The 
lower  extremity  of  the  femur  begins  to  ossify,  aocordii^  to  iW 
same  author,  during  the  latter  half  of  the  ninth  month.  The  pisifonn 
bone  of  the  carpus  is  said  to  commence  its  ossification  hiter  than 
any  other  bone  in  the  skeleton,  viz.,  at  from  twelve  to  fifteen  yeais 
after  birth.  Nearly  all  the  bones  ossify  from  several  distinct  potsto; 
the  ossification  spreading  as  the  cartilage  itself  increaaes  in  liae; 
and  the  various  bony  pieces,  thus  produced,  uiiitiDg  with  each  other 
at  a  later  period,  usually  some  time  after  birth. 

The  limbs  appear  by  a  kind  of  budding  proccRS,  as  o£&lKX>tsof 
the  external  layer  of  the  blastodermic  membrane.  Tlier  are  it 
firtit  mere  rounded  elevations,  without  any  separation  between  tltc 
fingers  and  toes,  or  any  distinction  between  the  different  artica: 
tions.  Subsequently  the  free  extremity  of  each  limb  becoineit 
vided  into  the  phalanges  of  the  fingers  or  toes ;  and  aftern*ard  tbd 
articulations  of  the  wrist  and  ankle,  knee  and  elbow^  shoulder  and 
hip,  appear  successively  from  below  upward. 

The  posterior  extremities,  in  the  human  subject,  are  less  rapid 
their  development  than    the    anterior.     Throughout  the  terra 
footal  life,  indeed,  the  anterior  parts  of  the  body  are  generally  mi 
voluminous  than  the  posterior.     The  younger  the  embryo^  t 
larger  are  the  head  and  upper  parts  in  proportion  to  the  r««l  oft 
body.     The  lower  limbs  and  the  pelvis,  more  particularly,  are 
slightly  developed  in  the  early  periods  of  growth,  as  compared  with 
the  spinal  column,  to  which  they  are  attached.    The  inferior  ex- 
tremity of  the  spinal  column,  formed  by  the  sacrum  and  eoccy 
projects  at  this  time  considerably  beyond  the  pelvis,  fonniog  a 
like  that  of  the  lower  animals,  which  is  curled  forward  towanl 
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abdomen,  and   terminntes  in   a   pointed   extremity.     The   entire 

lower  half  of  the  body,  with  the  spinal  column  and  appendages,  is 

also  strongly  twisted,  from  left  to  right;  so  that  the  jiolvis  is  not 

only  curled  forwardj  but  also  faces  at  right  angles  to  the  direction 

of  the  head  and  upper  part  of  the  body. 

Subsequently  the  spinal  column  becomes 

straighter  and  loses  its  twisted  form.     At 

the  same  time  the  pelvis  and  the  muscular 

parts  seated  upon  it  grow  so  much  faster 

than  the  sacrum  and  coccyx,  that  the  latter 

become  concealed  under  the  adjoining  soft 

parts,  and  the  rudimentary  tail  accordingly 

disappears. 

The  integument  of  the  embryo  is  at  first 
thin,  vascular,  and  exceedingly  transpar- 
ent. It  afterward  becomes  thicker,  more 
opaque,  and  whitish  in  color;  even  at 
birth,  however,  it  is  considerably  more 
vascular  than  in  the  adult  condition,  and 
the  ruddy  color  of  its  abundant  capillary 
vessels  very  strongly  marked.  The  hairs 
begin  to  appear  about  the  middle  of  iutra-uterine  life ;  showing 
themselves  first  upon  the  eyebrows,  and  afterward  upon  the  acalp, 
trunk  and  extremities.  The  nails  are  in  process  of  formation  from 
the  third  to  the  fifth  month  ;  and,  according  to  Kblliker,  are  still 
covered  with  a  layer  of  epidermis  until  after  the  latter  period. 
The  sebaceous  matter  of  the  cutaneous  glandules  accumulates 
upon  the  skin  after  the  sixth  month,  and  forms  a  whitish,  semi- 
eolid,  oleaginous  layer,  termed  the  vemix  caseosa,  which  is  most 
abundant  in  the  flexures  of  the  joints,  between  the  folds  of  the 
integument,  behind  the  cars  and  upon  the  scalp. 
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CHAPTER   XV. 

DEVELOPMENT    OF   THE    ALIMENTARY    CANAL 
AND    ITS    APPENDAGES. 


"We  have  already  seen,  in  a  preceding  chapter,  that  the  tntestioa 
canal  is  formed  by  the  internal  layer  of  the  blastodermic  membrane 
■which  curves  forward  on  each  side,  and  is  thas  converted  iou>  a, 
nearly  straight  cylindrical  tube,  terminating  at  each  extremity  tn 
a  rounded  cul-de-sac,  and  incloserl  by  the  external  layer  of 
blastodermic  membrane.     The  abdominal  walls,  however,  do  nc 
unite  with  each  other  upon  the  nialian  line  until  long  ftfler  tii 
formation  of  the  intestinal  canal ;  so  that,  during  a  certain  pcric 
the  abdomen  of  the  embryo  is  widely  open  in  front  prescntin?  *1 
long  oval  excavation,  in  which  the  nearly  straight,  intestinal  tal 
is  to  be  seen,  running  from  its  anterior  to  its  posterior  extremitv. 

The  formation  of  the  stomach  takes  place  in  the  following  mat 
ner:  The  alimentary  canal,  originally  straight,  soon  presents  xmt 
lateral  curvatures  at  the  upper  part  of  the  abdomen ;  the  first  t«] 
the  left,  the  second  to  the  right.  The  first  of  these  cnrvatar 
becomes  expanded  into  a  wide  sac,  projecting  laterally  from  tin 
median  line  into  the  left  h^'pochondrium,  forming  the  great  poa(. 
of  the  stomach.  The  second  curvature,  directed  to  the  right,  mi 
the  boundary  between  the  stomach  and  the  duodenum;  &nd  tlxT 
tube  at  that  point  becoming  constricted  and  furnished  with  a  circDiar 
layer  of  muscular  fibres,  is  converted  into  the  pylonw.  Imtneih- 
ately  belo%v  the  pylorus,  the  duodenum  again  turns  to  the  left;  anl 
these  curvatures,  increasing  in  number  and  complexity,  form  ihe 
convolutions  of  the  small  intestine.  The  large  intestine  fornu  a 
spiral  curvature ;  ascending  on  the  right  side,  then  crossing  over 
to  the  left  as  the  transverse  colon,  and  again  descending  on  the  left 
side,  to  terminate  by  the  sigmoid  flexure  in  the  rectum. 

The  curvatures  of  the  intestinal  canal  take  place,  however,  in  an 
ante ro- posterior,  as  well  as  in  a  lateral  direction,  and  may  bo  beat 
studitd  in  a  profile  view,  as  in  Fig.  252.    The  abdominal  wall 
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here  still  imperfectly  closed,  leaving  a  wide  opening  at  a,  b,  where 
the  integument  of  the  fa?tus  becomes  continuous  with  the  cora- 
menoement  of  the  amniotic  membrane.     The  intestine  makea  at 

Fig.  252. 
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first  a  single  angular  turn  forward,  and  opposite  the  most  promi- 
nent portion  of  this  angle  is  to  be  seen  the  oblii^ratcd  duct,  which 
forms  the  stem  of  the  umbilical  vesicle,  {ij.)  A  short  distance  below 
this  point  the  intestine  subsequently  enlarges  in  its  calibre,  and  the 
situation  of  this  enlargement  marks  the  commencement  of  the 
colon.  The  two  portions  of  the  intestine,  after  this  period,  become 
widely  difierent  from  each  other.  The  upper  portion,  which  is  the 
small  intestine,  grows  mostly  in  the  direction  of  its  length,  and 
becomes  a  very  long,  narrow,  and  convoluted  tube :  while  the  lower 
portion,  which  is  the  large  intestine,  increases  rapidly  in  diameter, 
but  elongates  less  than  the  former. 

At  the  point  of  junction  of  the  small  and  large  intestines,  a  late- 
ral bulging  or  diverticulum  of  the  latter  shows  it.self,  and  increases 
in  extent,  until  the  ileum  seems  at  last  to  be  inserted  obliquely  into 
the  side  of  the  colon.  This  diverticulum  of  the  colon  is  at  first 
uniformly  tapering  or  conical  in  shape ;  but  afterward  that  portion 
which  forms  its  free  extremity,  becomes  narrow  and  elongated,  and 
IS  slightly  twisted  upon  itself  in  a  spiral  direction,  forming  the 
appendix  vermiformis;  while  the  remaining  portion,  which  is  con- 
tinuous with  the  intestine,  becomes  exceedingly  enlarged,  and  forma 
the  caput  coli. 

The  caput  coli  and  the  appendix  are  at  first  situated  near  the 
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umbilicus ;  but  between  the  fourth  and  fifth  months  (Craveiibicf) 
their  position  is  altered,  and  they  then  become  fixed  in  the  rigfac 
iliac  region.  During  the  first  six  months^  the  internal  sarSaoe  ci 
the  small  intestine  is  smooth.  At  the  seventh  month,  acoordingte 
Cruveilhier,  the  valvula)  conniventes  begin  to  appear,  after  which 
they  increase  in  size  till  birth.  The  division  of  the  colon  into 
Micculi  by  longitudinal  and  transverse  bands,  is  abo  an  appearance 
which  presents  itself  only  during  the  last  half  of  fcetal  life.  Pi»- 
vious  to  that  time,  the  colon  is  smooth  and  cylindrical  in  fij 
like  the  small  intestine. 

After  the  small  intestine  is  once  formed,  it  increases  verr  r»| 
in  length.     It  grows,  indeetl,  at  this  time,  faster  than  the  walls 

the  abdomen;  so  that  it  can  do  loiter 
be  contained  in  the  abdominal  cartt^ 
but  protrudes,  under  the  form  of  an  ii 
testinal  loop,  or  hernia,  from  the  nmbi 
cal  opening.  (Fig.  258.)  In  the  hunuui 
embryo,  this  protrusion  of  the  inte8tiae 
can  be  readily  seen  during  the  latter  pan 
of  the  second  month.  At  a  subaeqi 
peri(x],  however,  the  walls  of  the  abdi 
men  grow  more  rapidly  than  the  iiite»> 
line.  They  accordingly  gradually  ea- 
velop  the  hernial  protrusion,  and  at  laat 
inclose  it  again  in  the  cavity  of 
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domen. 


Owing  to  an  imperfect  development 
of  the  abdominal  walls,  and  an  imperfect 
closure  of  the  umbilicus,  this  intestinal 
protrusion,  which  is  normal  during  the  early  stages  of  fa«tal  lif 
sometimes  remains  at  birtli,  and  we  then  have  tt.  congenital  •. 
hernia.  As  the  parts  at  that  lime,  however,  have  a  natural  t- 
to  cicatrize  and  unite  with  each  other,  simple  pressure  is  generallr 
effectual,  in  such  cases,  in  retaining  the  hernia  within  the  abdomen, 
and  in  producing  at  last  a  complete  cure. 

Urinary  Bhdtitr,  Urethra,  &c. — It  will  be  recollected  tliat  t«t 
floon  after  the  formation  of  the  intestine,  a  vascular  outgrowth  takes 
place  from  its  posterior  portion,  which  gradually  protrudes  iVom  tba 
open  walls  of  the  abdomen  in  front,  until  it  comes  in  contact  »ilh 
the  external  investing  membrane  of  the  egg.  and  forms,  by  its  Ciio- 
tin aed  growth  and  expansion,  the  a?7a7i^»s.  (Fig.  262,/'.)    It  b  at 
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jfijvt,  as  vre  haye  shown  above,  a  hollow  sau ,  but,  as  it  spreads  out 
over  the  surface  of  the  iavesting  membrane  of  the  egg,  its  two 
opposite  walls  adhere  to  each  other,  so  that  its  cavity  is  obliterated 
at  this  situation,  and  it  is  thus  converted  into  a  single  vascular 
membrane,  the  chorion.  This  obliteration  of  the  cavity  of  the 
allantois  commences  at  its  external  portion,  and  gradually  extends 
inward  toward  the  point  of  its  emergence  from  the  abdomen.  The 
hollow  tube,  or  duct,  which  connects  the  cavity  of  the  allantois  with 
the  posterior  part  of  the  intestine,  is  accordingly  converted,  as  the 
process  of  obliteration  proceeds,  into  a  solid,  rounded  cord.  This 
cord  is  termed  the  urackus. 

After  the  walls  of  the  abdomen  have  come  in  contact,  and  united 
with  each  other  at  the  umbilicus,  that  portion  of  the  above  duct 
which  is  left  outside  the  abdominal  cavity,  forms  a  part  of  the  um- 
bilical cord,  and  remains  connected  with  the  umbilical  arteries  and 
vein.  That  portion,  on  the  contrary,  which  is  included  in  the  ab- 
domen, does  not  close  completely,  but  remains  as  a  pointed  fusiform 
sac,  terminating  near  the  umbilicus  in  the  solid  cord  of  the  urachus, 
and  still  communicating  at  its  base  with  the  lower  extremity  of  the 
intestinal  canal.  This  fusiform  sac  (Fig.  252,  e),  becomes  the  uri- 
nary bladder;  and  in  the  foetus  at  term,  the  bladder  is  still  conical 
in  form,  its  pointed  extremity  being  attached,  by  means  of  the  ura- 
chus, to  the  internal  surface  of  the  abdominal  walls  at  the  situation 
of  the  umbilicus.  Afterward,  the  bladder  loses  this  conical  form, 
and  its  fundus  in  the  adult  becomes  rounded  and  bulging. 

The  urinary  bladder,  as  it  appears  from  the  above  description,  at 
first  communicates  fi-eely  with  the  intestinal  cavity.  The  intestine. 
in  fact,  terminates,  at  this  time,  in  a  wide  passage,  or  cloaca,  at  its 
lower  extremity,  which  serves  as  a  common  outlet  for  the  urinary 
and  intestinal  passages.  Subsequently,  however,  a  horizontal  par- 
tition makes  its  appearance  just  above  the  point  of  junction  between 
the  bladder  and  rectum,  and  grows  downward  and  forward  in  such 
a  manner  as  to  divide  the  above-mentioned  cloaca  into  two  parallel 
and  unequal  passages.  The  anterior  or  smaller  of  these  passages 
becomes  the  urethra,  the  posterior  or  larger  becomes  the  rectum ; 
and  the  lower  edge  of  the  septum  between  them  becomes  finally 
united  with  the  skin,  forming,  at  its  most  superficial  part>  a  tole 
rably  wide  band  of  integument,  the  perineum,  which  intervene^ 
between  the  anus  and  the  external  portion  of  the  urethra. 

The  contents  of  the  intestine,  which  accumulate  during  fo9tal  life, 
vary  in  different  parts  of  the  alimentary  canal.    In  the  small  intea* 
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latinous  m  consistency,  o: 
yellowish  or  grayish-white  color  in  the  duodenum,  becoming  yelloir 
reddish-brown  and  greenish-brown  below.  In  the  large  ini«stiM 
they  are  of  a  dark  greenish  hue,  and  pasty  in  consistency ;  and  th« 
contents  of  this  portion  of  the  alimentary  canal  have  reoeimad  ^ 
name  of  meconium,  from  their  resemblance  to  inspissated  pop^j« 
juice.  The  meconium  contains  a  large  quantity  of  fiit,  as  trell  u 
various  insoluble  substances,  probably  the  residue  of  epithelial  and 
mucous  accumulations.  It  does  not  contain,  however,  any  trneoof 
the  biliary  substances  (tauro-cholates  and  glyko-cholates)  when  care- 
fully examined  by  Pettenkofers  test ;  and  cannot  therefore  property 
be  regarded,  as  is  sometimes  incorrectly  asserted,  as  resulting  from 
the  accumulation  of  bile.  In  the  contents  of  the  small  intestine,  oe 
the  contrary,  traces  of  bile  may  bo  found,  according  to  Lehmanii;' 
so  early  as  between  the  fifth  and  sixth  months.  We  have  al$» 
found  distinct  traces  of  bile  in  the  small  intestine  at  birth,  but  it  10 
even  then  in  extremely  small  quantity,  and  is  sometimes  altogether 
absent. 

The  meconium,  therefore,  and  the  intestinal  contents  getienillr, 
are  not  composed  principally,  or  even  to  any  appreciable  extent,  of 
the  secretions  of  the  liver.  They  appear  rather  to  be  produced  by 
the  mucous  membrane  of  the  intestine  itself.  Even  their  yelloiriah 
and  greenish  color  does  not  depend  on  the  presence  of  bile,  sinos 
the  yellow  color  first  shows  itself,  in  very  young  fcetnsea, 
the  middle  of  the  small  intestine,  and  not  at  its  Upper  ext; 
The  material  which  accumulates  afterward  appears  to  extend 
this  point  upward  and  downward,  gradually  filling  the  intfl6tio% 
and  becoming,  iu  the  ileum  and  large  intestine,  darker  and  moirs 
pasty  as  gestation  advances. 

It  is  a  singular  fact,  perhaps  of  some  importance  in  this  coi)ne«< 
tion,  that  the  amniotic  fluids  during  the  latter  half  of  foetal  lifi^ 
finds  its  way,  in  greater  or  less  abundance,  into  the  stomach,  sni 
through  that  into  the  intestinal  canal  Small  cheesy-looking  manet 
may  sometimes  be  found  at  birth  in  the  fluid  contained  in  the 
stomach,  which  are  seen  on  microscopic  examination  to  be  no  oCfacr 
than  portions  of  the  vernix  caseosa  exfoliated  from  the  skin  iotp 
the  amniotic  cavity,  and  afterward  swallowed.  According  to  KSl- 
liker,^  the  soft  downy  hairs  of  the  foetus,  exfoliated  from  the  "J"^ 


'  PhysSological  Chemiatrj,  Philadelphift  ediUon,  vol.  1.  p.  5SS. 

'  Oewebelehre.    Leipzig,  1SD2,  p.  13d. 
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are  often  swallowed  in  the  same  way,  and  may  be  found  in  the 
meconium. 

The  gastric  juice  is  not  secreted  before  birth ;  the  contents  of  the 
stomach  being  generally  in  small  quantity,  clear,  nearly  colorless, 
and  neutral  or  alkaline  in  reaction. 

The  liver  is  developed  at  a  very  early  period.  Its  size  in  pro- 
portion to  that  of  the  entire  body  is,  in  fact,  very  much  greater  in 
the  early  months  than  at  birth  or  in  the  adult  condition.  In  the 
fcetal  pig  we  have  found  the  relative  size  of  the  liver  greatest 
within  the  first  month,  when  it  amounts  to  very  nearly  12  per  cent. 
of  the  entire  weight  of  the  body.  Afterward,  as  it  grows  less  rapidly 
than  other  parts,  its  relative  weight  diminishes  successively  to  10 
per  cent,  and  6  per  cent. ;  and  is  reduced  before  birth  to  8  or  4  per 
cent.  In  the  human  subject,  also,  the  weight  of  the  liver  at  birth 
ip  between  8  and  4  per  cent,  of  that  of  the  entire  body. 

The  secretion  of  bile  takes  place,  as  we  have  intimated  above^ 
during  foetal  life,  in  a  very  scanty  manner.  We  have  found  it,  in 
minute  quantity,  in  the  gall-bladder,  as  well  as  in  the  small  intes- 
tine at  birth ;  but  it  does  not  probably  take  any  active  part  in  the 
nutritive  or  other  functions  of  the  foetus  before  that  period. 

The  glycogenic  function  of  the  liver  commences  during  foetal  life^ 
and  at  birth  the  tissue  of  the  organ  is  abundantly  saccharine.  It  ia 
remarkable,  however,  that  in  the  early  periods  of  gestation  sugar  is 
produced  in  the  foetus  from  other  sources  than  the  liver.  In  very 
young  foetuses  of  the  pig,  for  example,  both  the  allantoic  and 
amniotic  fluids  are  saccharine,  a  considerable  time  before  any  sugar 
makes  its  appearance  in  the  tissue  of  the  liver.  Even  the  urine,  in 
half-grown  foetal  pigs,  contains  an  appreciable  quantity  of  sugar, 
and  the  young  animal  is  therefore,  at  this  period,  in  a  diabetic  con- 
dition. This  sugar,  however,  disappears  from  the  urine  before  birth, 
and  also  from  the  amniotic  fluid,  as  has  been  ascertained  by  M.  Ber- 
nard ;'  while  the  liver  begins  to  produce  a  saccharine  substance,  and 
to  exercise  the  glycogenic  function,  which  it  continues  after  birth. 

Devehpment  of  the  Pharynx,  CEaophagtta,  (tc. — We  have  already 
seen  that  the  intestinal  canal  consists  at  first  of  a  cylindrical  tube 
terminated  at  each  extremity  of  the  abdominal  cavity  by  a  rounded 
cttl-de-sac  (Fig.  252,  c,  c) ;  and  that  the  openings  of  the  mouth  and 
anus  are  subsequently  formed  by  perforations  which  take  place 
through  the  integument  and  the  intervening  tissues,  and  so  estab* 

.   .  '•  Le.ona  de  Ph7iiologl«  BxpiiriineaUle',  Paris,  18S6,  p.  898- 
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lish  a  commuuication  with  tbe  intestinal  tube.  Tlie  formati* 
the  anterior  perforation,  and  its  appendages,  takes  place  in  lb 
lowing  manner : — 

After  the  early  development  of  the  intestinal  tube  in  the  moJe 
above  described,  the  head  increases  in  size  out  of  all  pro|)ortion  tu 
the  remainder  of  the  foetus,  projecting  as  a  large  rounded  m:isd  {nxn 
the  anterior  extremity  of  the  body,  and  containing  the  brain  and  the 
organs  of  special  sense.  This  portion  soon  bends  over  toward  tbe 
abdomen,  in  consequence  of  the  increasing  curvature  of  the  whcAe 
body  which  takes  place  at  this  time.  In  the  interior  of  tliui 
cephalic  mass  there  is  now  formed  a  large  cavity  (Fig.  252,  «iTt  by 
the  melting  down  and  liquefaction  of  a  portion  of  its  8u1)8taD0C: 
This  cavity  is  the  pharynx.  It  corresponds  by  its  anterior  fxtifh 
mity  to  the  future  situation  of  the  mouth ;  and  by  its  posterior 
portion  to  the  upper  end  of  the  intestinal  canal,  the  future  sitoatioa 
of  the  stomach.  It  is  still,  however,  closed  on  all  sides,  and  doet 
not  as  yet  communicate  either  with  the  exterior  or  with  the  cavity 
of  the  stomach.  There  is,  accordingly,  at  this  time,  no  tborax 
whatever;  but  the  stomach  lies  at  the  upper  extremity  of  the  abdo- 
men, immediately  beneath  the  lower  extremity  of  the  pbarjox,  froai 
which  it  is  separated  by  a  wall  of  intervening  tissue. 

Subsequently,  a  perforation  takes  place  between  the  adjaoott 
extremities  of  the  pharynx  and  stomach,  by  a  short  narrow  tube, 
the  situation  of  which  is  marked  by  the  dotted  lines  x,  in  Fig.  24 
This  tube  afterward  lengthens  by  the  rapid  growth  of  that  poni< 
of  the  body  in  which  it  is  contained,  and  becomes  the  caaphagvk 
Neither  the  pharynx  nor  cesophagus,  therefore,  are,  properly  spttk* 
ing,  parts  of  the  intestinal  canal,  formed  from  the  internal  layer  of 
the  blastodermic  membrane ;  but  are,  on  the  contrary,  formatiofii 
of  the  external  layer,  from  which  the  entire  cephalic  mass  is  pi 
tluced.  The  lining  membrane  of  the  pharynx  and  esophagus  is 
be  regarded,  also,  for  the  same  reason,  as  rather  a  continuation 
the  integument  than  of  the  intestinal  mucous  membrane;  and  ev« 
in  the  adult,  the  thick,  whitish,  and  opaque  pavement  epitheliom 
of  the  oesophagus  may  be  seen  to  terminate  abruptly,  by  a  well- 
defined  line  of  demarkation,  at  the  cardiac  orifice  of  the  stomach: 
beyond  which,  throughout  the  remainder  of  the  alimentary  canal 
the  epithelium  is  of  the  columnar  variety,  and  easily  distingui^ 
able  by  its  soft,  ruddy,  and  transparent  appearance. 

As  the  oesophagus  lengthens,  the  lungs  are  developed  on  each 
side  of  it  by  a  protrusion  from  the  pharynx  which  extends  and 
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becomes  repeatedly  subdivided,  forming  the  bronchial  tubes  and 
their  ramifications.  At  first,  the  lungs  project  into  the  upper 
part  of  the  abdominal  cavity ;  for  there  is  still  no  distinction  be- 
tween the  chest  and  abdomen.  Afterward,  a  horizontal  partition 
Tiegins  to  form  on  each  side,  at  the  level  of  the  base  of  the  lungs, 
which  gradually  closes  together  at  a  central  point,  so  as  to  form 
the  diaphragm,  and  finally  shuts  off  altogether  the  cavity  of 
the  chest  from  that  of  the  abdomen.  Before  the  closure  of  the 
diaphragm,  thus  formed,  is  complete,  a  circular  opening  exists  on 
each  side  the  median  line,  by  which  the  peritoneal  and  pleural 
cavities  communicate  with  each  other.  In  some  instances  the  de- 
velopment of  the  diaphragm  is  arrested  at  this  point,  either  on  one 
side  or  the  other,  and  the  opening  accordingly  remains  permanent. 
The  abdominal  organs  then  partially  protrude  into  the  cavity  of 
the  chest  on  that  side,  forming  congenital  diaphragmatic  hernia. 
The  lung  on  the  affected  side  also  usually  remains  in  a  state  of 
imperfect  development.  Diaphragmatic  hernia  of  this  character  is 
more  frequently  found  upon  the  left  side  than  upon  the  right.  It 
may  sometimes  continue  until  adult  life  without  causing  any  seri- 
ous inconvenience. 

The  heart  is  formed,  at  a  very  early  period,  directly  in  front  of 
the  situation  of  the  oesophagus.  Its  size  soon  becomes  very  largo 
in  proportion  to  the  rest  of  the  body ;  so  that  it  protrudes  beyond 
the  level  of  the  thoracic  parietes,  covered  only  by  the  pericardium. 
Subsequently,  the  walls  of  the  thorax,  becoming  more  rapidly 
developed,  grow  over  it  and  inclose  it.  In  certain  instances,  how- 
ever, they  fail  to  do  so,  and  the  heart  then  remains  partially  or 
completely  uncovered,  in  front  of  the  chest,  presenting  the  condition 
known  as  ectopia  cordis.    This  malformation  is  necessarily  Ijatal. 

Development  of  the  Face. — While  the  lower  extremity  of  the 
pharynx  communicates  with  the  cavity  of  the  stomach,  as  above 
described,  its  upper  extremity  also  becomes  perforated  in  a  similar 
manner,  and  establishes  a  communication  with  the  exterior.  This 
perforation  is  at  first  wide  and  gaping.  It  afterward  becomes 
divided  into  the  mouth  and  nasal  passages ;  and  the  different  parts 
of  the  face  are  formed  round  it  in  the  following  manner : — 

From  the  sides  of  the  cephalic  mass  five  buds  or  processes  shoot 
out,  and  grow  toward  each  other,  so  as  to  approach  the  centre  of 
the  oral  orifice  above  mentioned.  (Fig.  264:.)  One  of  them  grows 
directly  downward  from  the  firontal  region  and  is  called  the 
frontal  or  intermaxillary  process,  because  it  afterward  contains  in 


672 


DEVKLOPMBNT  OF  THB  ALIMENTARY  CANAL 


Fig.  26*^ 
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its  lower  extremity  the  intermaxillary  b^ues,  in  which  the  itv  i-ar 
teeth  of  the  upper  jaw  are  inserted.  The  next  process  origiiatea 
from  the  side  of  the  opening,  and,  advancing  toward  the  mediaa 

line,  forms,  with  its  fellow  of  the  oppositt 
side,  the  superior  maxilla.  The  prot'eaM 
of  the  remaining  pair  also  grow  froro  the 
side,  and  form,  by  their  subsequent  uaioa 
upon  the  median  line,  the  inferior  max 
ilia.  The  inferior  maxillary  bone  is  noally 
cunsolidaied,  in  man,  into  a  single  piece, 
but  remains  permanently  divided,  in  the 
lower  animals,  by  a  suture  upon  the  me- 
dian line. 

As  the  frontal  process  grows  from  abore 
downward,  it  becomes  double  at  its  lower 
extremity,  and  at  the  same  time  two  off- 
shoots show  themselves  upon  its  sides 
whiuli  curl  round  und  enclose  twodrcalir 
orifices,  the  opening  of  the  anterior  nares  j 
the  offshoots  themselves  beci^ming  the  alse  nasi.  (Fig.  265.)  Tbe^ 
mouth  at  this  period  is  very  widely  open,  owing  to  the  iinperfeci| 
development  of  the  upper  and  lower  jaw,  and  the  incomploie: 

mution  of  the  lips  and  cheeks. 
Fig.  266. 

The  processes  of  the  saperior  max- 
itla  continue  their  growth,  but  \e» 
rapidly  thsin  those  of  the  inferior;  to 
that  the  two  sides  of  the  loirer  jsv 
are  already  consolidated  with  etch 
other,  while  those  of  the  upper 
are  still  separate. 

As  the  processes  of  the  sa 
maxilla  continue  to  enlarge,  they 
tend  to  unite  with  each  other  on  the 
median  line,  but  are  prevented  from 
doing  so  by  the  intermaxillary  pro- 
cesses  which  grow  down  between  them.  They  then  unite  with  the 
intermaxillary  processes,  which  have  at  the  same  time  united  with 
each  other,  and  the  upper  jaw  and  lip  are  thus  complerted,  (Fif. 
259.]  The  external  edge  of  the  ala  nasi  also  adheres  to  the  superior 
maxillary  process  and  unites  with  it,  leaving  only  a  curved 
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or  farrow,  as  a  sort  of  cicatrix,  to  mark  the  line  of  union  between 
them. 

Sometimes  the  superior  maxillary  and  the  intermaxillary  pro 
cesses  fail  to  unite  with  each  other;  and  we  then  have  the  mal- 
formation known  as  hare-lip.  The 
fissure  of  hare-lip,  consequently,  as  a 
general  rule,  is  not  situated  exactly  in 
the  median  line,  but  a  little  to  one  side 
of  it,  on  the  external  ed/^^'e  of  the  inter- 
maxillary process.  Occasionally,  the 
same  deficiency  exists  on  both  sides, 
producing  "double  hare-lip ;"  in  which 
uase,  if  the  fissures  extend  through 
the  bony  structures,  the  central  piece 
of  the  superior  maxilla,  which  is  de- 
tached from  the  remainder,  contains 
the  four  njiper  incisor  teeth,  and  cor- 
responds with  the  intermaxillary  bone 
of  tbe  lower  animals.  In  some  rare  instances  the  fissure  of  hare- 
lip is  situated  in  the  median  line,  the  two  intermaxillary  bones 
never  having  united  with  each  other.  A  case  of  this  kind  has 
been  observed  by  Prof.  Jeffries  Wyman.* 

The  eyes  at  an  early  period  are  situated  laterally,  each  on  one 
side  of  the  head.  (Fig.  264.)  As  development  proceeds,  they 
come  to  be  situated  farther  forward  (Fig.  255),  their  axes  being 
divergent  and  directed  obliquely  forward  and  outward.  At  a 
later  period  still  they  are  placed  on  the  anterior  plane  of  the  face 
^Fig.  266),  and  have  their  axes  nearly  parallel  and  looking  directly 
forward.  This  change  in  the  situation  of  the  eyes  is  eflected  by 
the  more  rapid  growth  of  the  posterior  and  lateral  parts  of  the 
head,  which  enlarge  in  such  a  manner  as  to  alter  the  relative 
position  uf  the  parts  seated  in  front  of  them. 

The  palate  is  formed  by  a  septum  between  the  mouth  and  nares. 
whicli  arises  on  each  side  as  a  horizontal  plate  or  oft'shoot  from  the 
superior  maxilla.  The.se  two  plates  ailerward  unite  with  each 
other  upon  the  median  line,  forming  a  complete  partition  between 
the  oral  and  nasal  cavities.  The  right  and  left  na-sal  passages  are 
also  separated  from  each  other  by  a  vertical  plate  (vomer)^  which 
grows  from  above  downward  and  fuses  with  the  palatal  plates  be* 
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low.  Fissure  of  the  palate  is  caused  by  a  deficiency,  more  or  leas 
complete,  of  one  of  the  horizontal  maxillary  plates.  It  is  accord- 
ingly situated  a  little  on  one  side  of  the  median  line,  and  is  fre- 
quently associated  with  hare- lip  and  fissure  of  the  upper  jaw.  The 
fissures  of  the  palate  and  of  the  lip  are  very  often  continuous  with 
each  other. 

The  anterior  and  posterior  pillars  of  the  fauces  are  incomplete 
vertical  partitions,  which  grow  from  the  sides  of  the  oral  cavity, 
and  tend  to  separate,  by  a  slight  constriction,  the  cavity  of  the 
mouth  from  that  of  the  pharynx. 

When  all  the  above  changes  are  accomplished,  the  pbarvox. 
oesophagus,  mouth,  nares,  and  fauces,  with  their  various  projectioas 
and  divisions,  have  been  successively  formed ;  and  the  development 
of  the  upper  part  of  the  alimentary  canal  is  then  complete. 
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CHAPTER    XVI. 

DEVELOPMENT  OF  THE  KIDNEYS,  WOLFFIAN 
BODIES.  AND  INTERNAL  ORGANS  OF  UENE- 
RATION. 


Fig.  267. 


The  first  trace  of  a  urinary  apparatus  in  the  embrjo,  consists  of 
two  long,  fusiform  bodies,  which  make  their  appearance  in  the  ab- 
domen at  a  very  early  period,  situated  on  each  side  the  spinal 
column.  These  are  known  by  the  name  of  the  Wolffian  holies. 
They  are  fully  formed  in  the  human  subject,  toward  the  end  of  the 
first  montb  (Coste),  at  which  time  they  are  the  largest  organs  in  the 
cavity  of  the  abdomen,  extending  from  just  below  the  heart,  nearly 
to  the  posterior  extremity  of  the  body.  In  the  fcetal  pig,  when  a 
little  over  half  an  inch  in  length  (Fig.  257),  the  Wolffian  bodies  are 
rounded  and  kidney-shaped,  and  occupy  a 
very  large  part  of  the  abdominal  cavity. 
Their  importance  may  be  estimated  from  the 
fact  that  their  weight  at  this  time  is  equal  to 
a  little  over  3'.,  of  that  of  the  entire  body — a 
proportion  whicli  is  seven  or  eight  times  as 
large  as  that  of  the  kidneys  in  the  adult 
condition.  There  are,  indeed^  at  this  period 
only  three  organs  perceptible  in  the  abdo- 
men, viz.,  the  liver,  which  has  begun  to  be 
formed  at  the  up()or  part  of  the  abdominal 
cavity ;  the  intestine,  which  is  already  some- 
what convoluted,  and  occupies  its  central 
portion ;  and  the  Wolfiian  bodies,  which  pro- 
ject on  each  side  the  spinal  column. 

The   Wolffian   bodies,   in   their   intimate 
structure,  closely  resemble  the  adult  kidney.     They  consist  of 
secreting  tubules,  lined  with  epithelium,  which  run  from  the  outer 
toward  the  inner  edge  of  the  organ,  terminating  at  their  free  ex 
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iremities  in  small  rounded  dilatations.  Into  each  of  these 
extremities  is  received  a  globular  coil  of  capillary  bloodTeaadi^ 
ghmeriilus,  similar  to  that  of  the  adult  kidney.  The  tubolesof  tbs 
Wolffian  body  all  empty  into  a  common  excretory  duct,  which  ksTcs 
the  organ  at  its  lower  extremity,  and  communicates  afterward  vilb 
the  lower  part  of  the  intestinal  canal,  just  at  the  point  where  tlie 
diverticulum  of  the  allantois  is  given  off,  and  where  the  uriturr 
bladder  is  afterward  to  be  situated.  The  principal,  if  noi  tlie 
only  distinction  in  minute  structure,  between  the  Wolffian  bodief 
and  the  true  kidneys,  consists  in  the  size  of  the  tubules  mod  of 
their  glomeruli;  these  elements  being  considerably  larger  b 
the  Wolffian  body  than  in  the  kidney.  In  the  foetal  pig, 
example,  when  about  an  inch  and  a  half  in  length,  the 
eter  of  the  tubules  of  the  Wolffian  body  is  .i„„  of  an  inch, 
in  the  kidney  of  the  same  feetus,  the  diameter  of  the  tu 
is  only  ^Jj  of  an  inch.  The  glomeruli  in  the  Wolffian  bodies 
measure  :j'j{  of  an  inch  in  diameter,  while  those  of  the  kidney  IM^ 
sure  only  ( ^  g  of  an  inch,  Tlie  Wolffian  bo<lies  are  therefore  nrisarr 
organs,  so  far  a.s  regards  their  anatomical  structure,  and  are  80fa6- 
timcs  known,  accordingly,  by  the  name  of  the  "false  kidoc 
There  is  little  doubt  that  they  perform,  at  this  early  period,  a 
tion  analogous  to  that  of  the  kidneys,  and  separate  from  the 
of  the  embryo  an  excrctnentitious  fluid  which  is  discharged  br  Uk 
ducts  of  the  organ  into  the  cavity  of  the  allantois. 

Subsequently,  the  Wulffiiin  bodies  increase  for  a  time  in  son, 
though  not  so  rapidly  as  the  rest  of  the  body;  and  conseqnentljr 
their  relative  magnitude  tliminisbes.  Still  later,  ibe^'  bcgio  to 
suffer  an  absolute  diminution  or  atrophy,  and  become  gradQallr 
less  and  less  perceptible.  In  the  human  subject,  they  are  hardly 
to  be  delected  after  the  end  of  the  second  month  (Long^).  and 
the  quadrupeds  also  they  completely  disappear  long  before  hi 
They  are  consequently  fetal  organs,  destined  to  play  an  impoi 
part  during  a  certain  atige  of  development,  but  to  become  after- 
ward atrophied  and  absorbed,  as  the  physiological  condition  of  the 
foetus  alters.  During  the  period,  however,  of  their  rctrograwion 
and  atrophy,  other  organs  appear  in  their  neighlx>rhood,  wbidi 
become  afterward  permanently  developed.  These  are,  firsi,  ibe 
kidneys,  and  secondly,  the  internal  organs  of  generation. 

The  kidneys  are  formed  just  behind  the  Wolffian  boflies,  and  are 
at  first  entirely  concealed  by  them  in  a  front  view,  the  kid 
being  at  this  time  not  more  than  a  fourth  or  a  fifth  part  the 
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Fig.  268. 
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the  Wolffian  bodies.  (Fig.  258.)  As  the  kidneys,  however,  suhse 
qtuentlj  enlarge,  while  the  Wolffian  bodies  dimiuisb,  the  proper 
tion  existing  between  the  two  organs  is 
reversed;  and  the  Wolffian  bodies  at  Inst 
come  to  be  mere  small  rounded  or  ovoid 
masses,  situated  on  the  antei'ior  surface 
of  the  kidneys.  (Figs.  259  niul  2t>0.)  The 
kidneys,  during  this  period,  grow  more 
rapidly  in  an  upward  than  in  a  downward 
direction,  so  that  the  Wolffian  l>odies 
come  to  be  situated  near  their  inferior 
extremity,  and  seem  to  have  performed 
a  sliding  movement  from  above  down- 
ward, over  their  anterior  surface.  This 
apparent  sliding  movement,  or  descent 
of  the  Wolffian  botlies,  is  owing  to  the 
rapid  growth  of  the  kidneys  in  an  up- 
ward direction,  as  we  have  already  explained. 

The  kidneys,  during  the  succeeding  periods  of  foetal  life,  become 
in  their  turn  very  largely  developed  in  proportion  to  the  rest  of  the 
organs;  attaining  a  size,  in  the  foetal  pig,  tqnal  to  j*j  (in  weight) 
of  the  entire  body.  This  proportion,  however,  diminishes  again 
very  considerably  before  birth,  owing 
to  the  increased  development  of  other 
parts.  In  the  human  foptus  at  birth, 
the  weight  of  the  two  kidneys  taken 
together  is  yia  *hft  of  the  entire 
body. 

Internal  Organs  of  Generation.  — 
About  the  same  time  that  the  kidneys 
are  formed  behind  the  Wolffian  bodies, 
two  oval-shaped  organs  make  their 
appearance  in  front,  on  the  inner  side  of 
the  Wolffian  bodies  and  between  them 
and  the  spinal  column.  These  bodies  are 
the  internal  organs  of  generation ;  viz., 
the  testicles  in  the  male,  and  the  ovaries 
in   the   female.     At  first  they  occupy 

precisely  the  same  situation  and  present  precisely  the  same  appear 
ance,  whether  the  foetus  is  afterward  to  belong  to  the  male  or  th» 
female  sex.  (Fig.  259.) 
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A  short  distance  above  the  interual  organs  of  geDeratioQ 
commeuces,  on  each  side,  a  narrow  tube  or  duct,  which  run*  fi 
above  downward  along  the  anterior  border  of  the  Wolfl5au  bod 
immediately  in  iVonl  of  and  parallel  with  the  excretory  <luct  oft 
organ.  The  two  tulwjs,  right  and  left,  tlicn  approach  each  tJth 
below;  and,  joining  upon  the  median  line,  empty,  togelb<;r  wi 
the  ducts  of  the  Wolffian  bodies,  into  the  base  of  the  allantoi;^ 
what  will  afterward  be  the  base  of  the  urinary  bladder.  These  tu 
serve  as  the  excretory  ducts  of  the  internal  organs  of  generatiuu 
and  will  afterward  become  the  vasa  defercntia  in  the  male,  and  I 
Falhpian  tube,i  in  the  female.  According  to  Coste,  tho  vasa  defo- 
rentia  at  an  early  perio<l  are  disconnected  with  the  toatieles; 
originate,  like  the  Fallopian  tubes,  by  free  extremities,  presiinti 
each  an  open  orifice.  It  is  only  afterward,  according  to  the 
author,  that  the  vasa  deferentia  become  adherent  to  tho  testicle!^ 
a  communication  is  established  between  them  and  the  tubuli  lemi- 
nifcri.  In  the  female,  the  Fallopian  tubes  remain  permanen:] 
disconnected  with  the  ovaries,  except  by  the  edge  of  the  fimb 
extremity ;  which  in  many  of  the  lower  auimala  l>ecomes  closel; 
adherent  to  the  ovary,  and  envelopes  it  more  or  less  complctelj, 

Mafc  Organs  of  Oeneratlon  ;  Descent  nf  the  Tcstirles. — In  the 
foetus  there  now  commeuces  a  movement  of  translation,  or  c 
of  place,  in  the  internal  organs  of  generation,  which  is  known 
the  "descent  of  the  testicles."     In  consequence  of  this  rnoveme 
the  above  organs,  which  are  at  first  placed  near  the  middle  of 
abdomen,  and  directly  in  front  of  the  kidneys,  come  at  last  to  be 
situated  in  the  scrotum,  altogether  outside  and  below  the  abdomi: 
cavity.     They  also  become  inclosed  in  a  distinct  serous  sac  of  th 
own,  the  tunica  vaginalis  testis.     This  apparent  movement  of  t 
testicles  is  accomplished  in  the  same  manner  as  that  of  the  Woli 
fian  bodies,  above  mentioned,  viz.,  by  a  disproportionate  grovth 
the  middle  and  upper  portions  of  the  abdomen  and  of  the 
situated  above  the  testicles,  so  that  the  relative  position  of  these 
organs  becomes  altered.    The  descent  of  the  testiclei*  is  accompanied 
by  certain  other  alterations  in  the  organs  themselves  and 
appendages,  which  take  place  in  the  following  manner. 

By  the  upward  enlargement  of  the  kidneys,  both  the  Wol 
bodies  and  the  testicles  are  soon  found  to  be  situated  near  the" 
lower  extremity  of  these  organs.  (Fig.  260.)  At  the  same  time,  a 
slender  rounded  cord  (not  represented  in  the  figure)  ]>asscs  from 
the  lower  extremity  of  each  testicle  in  an  outward  and  downward 
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direction,  crossing  the  corresponding  vaa  deferens  a  short  distance 
above  its  union  with  its  fellow  of  the  opposite  side.  Below  this 
point,  the  cord  spoken  of  continues  to  run  obliquely  outward  and 
downward;  and,  passing  through 
the  abdominal  walls  at  the  situa- 
tion of  the  inguinal  canal,  is  in- 
serted into  the  subcutaneous  tis- 
sue near  the  symphysis  pubis. 
Tlie  lower  part  of  this  cord  be- 
comes the  gnbemacttluni  testis ;  and 
muscular  fibres  are  soon  developed 
in  its  substance  whieh  may  be 
easily  detected,  even  in  the  human 
foetus,  during  the  latter  Iialf  of 
gestation.  At  the  period  of  birth, 
however,  or  soon  atterward,  these 
raascular  fibres  disappear  and  can 
no  longer  be  recognized. 

All  that  portion  of  the  excre- 
tory tube  of  the  testicle  which  is  situated  outside  the  crossing  of  the 
gubernaculum,  is  destined  to  become  afterward  convoluted,  and 
converted  into  the  epididymis.  That  portion  which  is  Rvtuated  in- 
side the  same  point  remains  comparatively  straight,  but  becomes 
considerably  elongated,  and  is  finally  known  as  the  v(u  deferens. 

As  the  testicles  desceml  still  farther  in  the  abdomen,  they  con 
tinue  to  grow,  white  the  Wolffian  bodies,  on  the  contrary,  diminish 
rapidly  in  size,  until  the  latter  become  muyh  smaller  than  the  tes- 
ticles; and  at  last,  when  the  testicles  have  arrived  at  the  internal 
inguinal  ring,  the  Wolffian  bodies  have  altogether  disap|>earod,  or 
at  least  have  become  so  much  altered  tliat  their  characters  are  no 
longer  recognizable.  In  the  human  fwtus.  the  testicles  arrive  at 
the  internal  inguinal  ring,  about  the  termination  of  the  sixth  month 
(Wilson). 

During  the  succeeding  month,  a  protrusion  of  the  peritoneum 
takes  place  through  the  inguinal  canal,  in  advance  of  the  testicle ; 
while  the  last  named  organ  still  continues  its  descent  A»  it  then 
passes  downward  into  the  scrotum,  certain  muscular  fibres  are  given 
off  from  the  lower  Iwrder  of  the  internal  oblique  muscle  of  the 
abdomen,  growing  downward  with  the  testicle,  in  such  a  manner  as 
to  form  a  series  of  loops  npon  it,  and  upon  the  elongating  spermatic 
cord.     These  loops  constitute  afterward  the  crcmaater  wuscU. 
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At  last,  the  testicles  descend  fairly  to  the  bottom  of  the  iicrotau 
the  gubernaculuni  constantly  shortening,  and  the  vas  deferteu 
elongating  as  it  proceetls.  The  convoluted  portion  of  the  «fier«Bi 
duct,  viz.,  the  epididymis,  then  remains  closely  attached  to  the  bodj 
of  the  testicle;  while  the  viis  deferens  patsses  upward,  in  a  reverm 
direction,  enters  the  abdomen  through  the  inguinal  caxwl,  agaia 
bends  downward,  and  joins  its  fellow  of  the  opposite  side;  after 
which  they  both  open  into  the  prostatic  portion  of  the  nretbrm  ht 
distinct  orifices^  situateil  on  each  side  the  me<UaQ  line.  At  the 
same  time,  two  diverticula  arise  from  the  median  portioa  of  the 
vaaa  defercntia,  and,  elongating  in  a  backw^ard  direction,  ondcmeatb 
the  base  of  the  bladder,  become  developed  into  two  coutputtBO 
8acculate<l  reservoirs — the  vesindee  seminales. 

The  left  testicle  is  a  little  later  in  its  descent  than  the  right,  bat 
it  afterward  passes  farther  into  the  scrotum,  and,  in  the  adult  condi- 
tion, usually  hangs  a  little  lower  than  its  fellow  of  the  opposite  eidc 
After  the  testicle  has  fairly  passed  into  the  scrotum,  the  »croa» 
pouch,  which  preceded  its  descent,  remains  for  a  time  in  commoni' 
cation  with  the  peritoneal  cavity.  In  many  of  the  lower  animals, 
as,  for  example,  the  rabbit,  this  condition  is  permanent ;  and  the 
testicle,  even  iu  the  adult  animal,  may  be  alternately  dravm  dovi>>, 

ward  into  the  scrotum,  or  retracted  iol 
the  abdumen,  by  the  action  of  the  gybcr 
naculum  and  the  cremaster  muacle.    Bui' 
in   the   human  foetus,  the  two  opposite 
surfaces  of  the  peritoneal  poach,  covenog 
the  testicle,  approach  each  other  at  the 
inguinal   canal,  forming  at  that   point  » 
constriction  or  neck,  which  partly  shuta 
off  the   testicle  from   the   cavity  of  ttw 
abdomen.     By  a  continuation  of  this  pi^ 
cess,  the  serous  surfaces  come  actoally 
in  contact  with  each  other,  and,  adheriajl 
together   at  this  situation  (Fig.  261,  4) 
form  a  kind  of  cicatrix,  or  umbilicua,  hi 
the  complete  closure  and  consolidation  nt] 
which  the  cavity  of  the  tunica  vagioali 
(a)  is  finally  shut  off  altogether  from  the  general  cavity  of  ihtj 
peritoneum  (»).     The  tunica  vaginalis  testis  is,  therefore,  originalli 
a  p.irt  of  the  peritoneum,  from  which  it  is  subsequently  961 
by  the  process  just  described. 
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The  separation  of  the  tunica  vaginalis  from  the  peritoneum  ia 
usually  completed  in  the  human  subject  before  birth.  But  some- 
times it  fails  to  take  place  at  the  proper  time,  and  the  intestine  is 
then  apt  to  protrude  into  the  scrotum,  in  front  of  the  spermatic 
cord,  giving  rise,  in  ihia  way,  to  a  cntijeniial  inijuinal  hirnua.  (Fig. 
262.)  The  parts  implicated,  however,  in  this  malformation,  have 
still,  as  in  the  case  of  congenital  umliili- 
cal  hernia,  a  tendency  to  unite  with  each 
other  and  obliterate  the  unnatural  open- 
ing; and  if  the  intestine  bo  retained  by 
pressure  in  the  cavity  of  the  abdomen, 
cicatrization  usuully  takes  place  at  the 
inguinal  canal,  and  a  cure  is  effected. 

Tlie  descent  of  the  testicle,  above  de- 
scribed, is  not  accomplished  by  the  forci- 
ble traction  of  the  muscular  fibres  of  the 
gubernaculum,  as  has  been  described  by 
certain  writers,  but  by  a  simple  process 
of  growth  taking  place  in  different  parts, 
in    different    directions,    at     successive 

periods  of  foetal  life.  The  gubernaculum,  accordingly,  has  no 
proper  function  as  a  muscular  organ,  in  the  human  subject,  but  is 
merely  the  anatomical  vestige,  or  analogue,  of  a  corresponding 
muscle  in  certain  of  the  lower  animals,  where  it  has  really  an 
important  function  to  perform.  For  in  them,  as  we  have  already 
mentioned,  both  the  gubernaculum  and  the  cremaster  remain  fully 
developed  in  the  adult  condition,  and  are  then  employed  to  elevate 
and  depress  the  testicle,  by  the  alternate  contraction  of  their  mus- 
cular fibres. 

Female  Organs  of  Qencrntion. — At  an  early  period,  as  we  have 
mentioned  above,  the  ovaries  have  the  same  external  appearance, 
and  occupy  the  same  position  in  the  abdomen,  as  the  testicles  in  the 
opposite  sex.  The  d&scent  of  the  ovaries  ahso  takes  place,  to  a  great 
extent,  in  the  same  manner  with  the  descent  of  the  testicles.  When, 
in  the  early  part  of  this  descent,  they  have  reached  the  level  of  the 
lower  edge  of  the  kidneys,  a  cord,  analogous  to  the  gubernaculum, 
may  be  seen  proceeding  from  their  lower  extremity,  crossing  the 
efferent  duct  on  each  side,  and  passing  downward,  to  be  attached 
to  the  subcutaneous  tissues  at  the  situation  of  the  inguinal  ring. 
That  part  of  the  duct  situated  outside  the  crossing  of  this  cord, 
becomes  afterward  convoluted,  and  is  converted  into  the  FallojJtan 
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tube ;  while  that  point  which  is  inside  the  same  point,  beoorocaooo 
verted  into  the  uterus.  The  upper  jwrtion  of  the  cord  itself  boooBM 
the  Uijameiit  of  Oie  ovary  ;  its  lower  portion,  the  round  Ugameni  «f 
the  uterus. 

As  the  ovaries  continue  their  descent,  they  pass  below  and  b^ 
hind  the  Fallopian  tubes,  which  necessarily  perform  At  the  wme 
timu  a  iTKjveniout  of  rotation,  from  befi)re  backward  ritid  fntiti 
above  downward;  the  whole,  tt^getlicr  with  the  ligamonw  of  tb« 
ovaries  and  the  round  ligaments,  being  enveloped  in  double  foMi 
I  of  peritoneum,  which  enlarge  with  the  growth  of  the  part*  thera- 
[eelves,  and  constitute  finally  the  broad  ligaments)  0/  tfm  uUr»ts, 

It  will  be  seen  from  what  has  been  said  above,  that  the  6tttiat)on 
roccupied  by  the  Wolffian  bodies  in  the  female  is  always  the  i^Mwe 
[between  the  ovaries  and  the  Fallopian  tubes;  for  the  Wolffiaa 
tbodies  accompjiny  the  ovaries  in  their  descent,  just  as,  in  the  male, 
^they  accompany  the  testicles.  As  these  bodies  now  become  gnd- 
ually  atrophied,  their  glandular  structure  disappears  altogether. 
but  their  bloodvessels,  in  many  instances,  remain  as  a  oonvolute*! 
vascular  plexus,  occupying  the  situation  above  mentioned.  The 
"WollTian  bodies  may  therefore  be  said,  in  these  instances,  to  un- 
dergo a  kind  of  vascular  degeneration.  This  jiecidiar  degeneralioD 
is  quite  evident  in  the  "WolflRan  bodies  of  the  fnetal  pig,  som«  time 
before  the  organs  have  entirely  lost  their  original  form.  In  the 
cow,  a  collection  of  convoluted  bloo<l  vessels  may  be  seen,  even  ia 
the  adult  condition,  near  the  edge  of  the  ovary,  and  between  iht 
two  folds  of  peritoneum  forming  the  broad  ligament.  These  M« 
tindoubtedly  vestiges  of  the  Wolffian  bo<lies,  which  have  undergone 
the  vascular  degeneration  above  described. 

While  the  above  changes  are  taking  place  in  the  adjacent  orgaos, 
the  two  lateral  halves  of  the  uterus  fus:e  with  each  other  more  ap«) 
more  upon  the  median  line,  and  become  covered  with  an  cjcco- 
sively  developed  layer  of  muscular  fibres.  In  the  lower  anitnaU 
the  uterus  remains  divided  at  its  upper  portion,  running  out  into 
two  long  conical  tubes  or  cornua  (Fig.  192),  presenting  the  form 
known  as  the  tUerm  bicnmis.  In  the  human  subject^  however,  lh« 
fusion  of  the  two  lateral  halves  of  the  organ  is  nearly  complete; 
m  that  the  uterus  presents  e^cternally  a  rounded,  but  somewhat 
flattened  and  triangular  figure  (Fig.  193),  with  the  ligaments  of  tbe 
ovary  and  the  round  ligaments  passing  off  from  its  superior  angleit 
But,  internally,  the  cavity  of  the  organ  still  pre*entii  a  stroogly 
marked  triangular  form,  the  vestige  of  its  original  division. 
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Occasionally  the  human  uterus,  even  in  the  adult  condition,  re- 
mains divided  into  two  lateral  portions  by  a  vertical  septum,  which 
runs  from  the  middle  of  its  fundus  downward  toward  the  os  in- 
ternum. This  septum  may  even  be  accompanied  by  a  partial 
external  division  of  the  organ,  corresponding  with  it  in  direction 
and  producing  the  malformation  known  as  "uterus  bicornia"  oi 
•'  double  uterus." 

The  OS  internum  and  os  externum  are  produced  by  partial  con- 
strictions of  the  original  generative  passage ;  and  the  anatomical 
distinctions  between  the  body  of  the  uterus,  the  cervix  and  the 
vagina,  are  produced  by  the  different  development  of  the  mucous 
membrane  and  muscular  tunic  in  its  corresponding  portions. 
During  festal  life,  however,  the  neck  of  the  uterus  grows  much 
faster  than  its  body;  so  that,  at  the  period  of  birth,  the  entire 
organ  is  very  far  from  presenting  the  form  which  it  exhibits  in  the 
adult  condition.  In  the  human  foetus  at  term,  the  cervix  uteri 
constitutes  nearly  two-thirds  of  the  entire  lefigth  of  the  organ; 
while  the  body  forms  but  little  over  one-third.  The  cervix,  at 
this  time,  is  also  much  larger  in  diameter  than  the  body ;  so  that 
the  whole  organ  presents  a  tapering  form  from  below  upward. 
The  arbor  vitse  uterina  of  the  cervix  is  at  bii-th  very  fully  de- 
veloped, and  the  mucous  membrane  of  the  body  is  also  thrown 
into  three  or  four  folds  which  radiate  upward  from  the  os  internum. 
The  cavity  of  the  cervix  is  filled  with  a  transparent  semi-solid 
mucus. 

The  position  of  the  uterus  at  birth  is  also  different  from  that 
which  it  assumes  in  adult  life ;  nearly  the  entire  length  of  the  organ 
being  above  the  level  of  the  symphysis  pubis,  and  its  inferior 
extremity  passing  below  that  point  only  by  about  a  quarter  of  an 
inch.  It  is  also  slightly  anteflexed  at  the  junction  of  the  body  and 
cervix.  After  birth,  the  uterus,  together  with  its  appendages,  con- 
tinues to  descend ;  until,  at  the  period  of  puberty,  its  fundus  is 
situated  just  below  the  level  of  the  symphysis  pubis. 

The  ovaries  at  birth  are  narrow  and  elongated  in  form.  They 
contain  at  this  time  an  abundance  of  eggs;  each  inclosed  in  a 
Graafian  follicle,  and  averaging  5J5  of  an  inch  in  diameter.  The 
vitellus,  however,  is  imperfectly  formed  in  most  of  them,  and  in 
some  is  hardly  to  be  distinguished.  The  Graafian  follicle  at  this 
period  envelops  each  egg  closely,  there  being  no  fluid  between 
its  internal  surface  and  the  exterior  of  the  egg,  but  only  the  thin 
layer  of  cells  forming  the  "membrana  granulosa."    Inside  this 
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layer  is  to  be  seen  the  germinative  vesicle,  with  the  germinative 
spoty  surrounded  by  a  faintly  granular  vitellus,  more  or  lea 
abundant  in  different  parts.  Some  of  the  Graafian  follicles  con 
taining  eggs  are  as  large  as  ^^^  of  an  inch;  others  as  small  as  j^^j. 
In  the  very  smallest,  the  cells  of  the  membrana  granulosa  appear 
to  fill  entirely  the  cavity  cf  the  follicle^  and  no  vitellus  or  germiim 
tive  vesick  ip  to  be  seen. 
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CHAPTER  XVII. 

DEVELOPMENT   OP  THE   CIRCULATORY 
APPARATUS. 

Thebe  are  three  distinct  forms  or  phases  of  development  assumed 
by  the  circulatory  system  during  different  periods  of  life.  These 
different  forms  of  the  circulation  are  intimately  connected  Mrith  the 
manner  in  which  nutrition  and  respiration,  or  the  renovation  of  the 
blood,  are  accomplished  at  different  epochs ;  and  they  follow  each 
other  in  the  progress  of  development,  as  different  organs  are  em- 
ployed in  turn  to  accomplish  the  above  functions.  The  first  form 
is  that  of  the  vitelline  circulation,  which  exists  at  a  period  when  the 
vitellus,  or  the  umbilical  vesicle,  is  the  sole  source  of  nutrition  for 
the  foetus.  The  second  is  the  placental  circulation,  which  lasts 
through  the  greater  part  of  foetal  life,  and  is  characterized  by  the 
existence  of  the  placenta ;  and  the  third  is  the  complete  or  aduU 
circulation,  in  which  the  renovation  and  nutrition  of  the  blood  are 
provided  for  by  the  lungs  and  the  intestinal  canal. 

First,  or  Vitelline  Circulation. — ^It  has  already  been  shown,  in  a 
previous  chapter,  that  when  the  body  of  the  embryo  has  begun  to 
be  formed  in  the  centre  of  the  blastodermic  membrane,  a  number 
of  bloodvessels  shoot  out  from  its  sides,  and  ramify  over  the 
remainder  of  the  vitelline  sac,  forming,  by  their  inosculation,  an 
abundant  vascular  plexus.  The  area  occupied  by  this  plexus  in  the 
blastodermic  membrane  around  the  foetus  is,  as  we  have  seen,  the 
"  area  vasculosa."  In  the  egg  of  the  fowl  (Fig.  263),  the  plexus  is 
limited,  on  its  external  border,  by  a  terminal  vein  or  sinus — the 
"  sinus  terminalis ;"  and  the  blood  of  the  embryo,  after  circulating 
through  the  capillaries  of  the  plexus,  returns  by  several  venous 
branches,  the  two  largest  of  which  enter  the  body  near  its  anterior 
and  posterior  extremities.  The  area  vasculosa  is,  accordingly,  a 
vascular  appendage  to  the  circulatory  apparatus  of  the  embryo, 
spread  out  over  the  surface  of  the  vitellus  for  the  purpose  of  absorb- 
ing from  it  the  nutritious  material  requisite  for  the  growth  of  the 
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newly-formed  tissues.  In  tlie  egg  of  the  fish  (Fig.  264),  the  prina- 
pal  vein  is  seea  passing  up  in  front  underneath  the  head ;  while  the 
arteries  emerge  all  along  the  lateral  edges  of  the  body.     The  entire 

Fig.  268. 
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vitellus,  in  this  way,  becomes  covered  with  an  abundant  vaseof 
network^  connected  with  the  internal  circulation  of  the  fostus  by 
arteries  and  veins. 

Very  soon,  as  the  embryo  and  the  entire  egg  increaae  ia  siie, 

there  are  two  arteries  and  two  veins  which  became 

Fig.  264.  larger  than  the  others,  and  which  subsequeotlv 

•  do  the  whole  work  of  conveying  the  blood  of 
the  fcetus  to  and  from  the  area  vasculosa.  These 
two  arteries  emerge  from  the  lateral  edges  of 
the  foetus,  on  the  right  and  lei);  sides ;  while  the 
two  veins  re-enter  at  about  the  same  point,  and 
nearly  parallel  with  them.  These  four  vesBeb  aro 
then  termed  the  ompluilo-mesenteric  arteria  taid 
veins. 

The  arrangement  of  the  circulatory  apptratiu 
in  the  interior  of  the  body  of  the  fcetus,  at  this  time,  is  as  followa: 
The  heart  is  situated  at  the  median  line,  just  beneath  the  head  and 
in  frunt  of  the  cesophagus.  It  receives  at  its  lower  extremity  the 
trunks  of  the  two  omphalo-raesenteric  veins,  and  at  ita  upper 
extremity  divides  into  two  vessels,  which,  arching  over  backward. 
attain  the  anterior  surface  of  the  vertebral  column,  and  then  ruu 
from  above  downward  along   the  spine,  quite   to   the   posterior 
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"extremity  of  the  fcetus.  Tliose  arteries  are  called  the  vertebral 
arteries,  on  account  of  their  iiourse  and  situation,  running  purallel 
with  the  vertebral  column.  They  give  oft*  throughout  their  course, 
many  small  lateral  branches,  which  supply  the  body  of  the  fa^tus, 
and  also  two  larger  branches — the  omphalo-mesenteric  arteries — 
which  pass  out,  as  above  described,  into  the  area  vasculosa.  The 
two  vertebral  arteries  remain  separate  iu  the  upper  part  of  the  body, 
but  soon  fuse  with  each  other  a  little  below  the  level  of  the  heart; 
so  that,  below  this  point,  there  remains  afterAvard  but  one  large 
artery,  the  abdominal  aorta,  running  from  above  downward  along 
the  median  line,  giving  ofi'  the  omplialo-mesenteric  arteries  lo  the 
area  vasculosa,  and  supplying  smaller  branches  to  the  body,  ihti 
walls  of  the  intestine,  and  the  other  organs  of  the  foetus. 

The  above  description  shows  the  origin  and  formation  of  the  first 
or  vitelline  circulation.  A  change,  however,  now  begins  to  take 
place,  by  which  the  vitellus  is  superseded,  as  an  organ  of  nutrition, 
by  the  placenta,  which  takes  its  place;  and  the  second  or  placental 
circulation  becomes  established  in  the  following  manner: — 

SecoTvl  Circulation. — After  the  umVjilical  vesicle  has  been  formed 
by  the  process  already  described,  a  part  of  the  vitellus  remains  in- 
cluded in  it,  while  the  rest  is  retained  in  the  abdomen  and  inclosed 
in  the  intestinal  canal.    As  these 
two  organs  (umbilical  vesicle  and  ^'S-  2^5. 

intestine)  are  originally  parts  of 
the  same  vitell  ine  sac,  they  remain 
supplied  by  the  same  vascular 
system,  viz :  the  omphalo-mesen- 
teric vessels.  Those  which  remain 
within  the  abdomen  of  the  foetus 
supply  the  mesentery  and  intes- 
tine ;  but  the  larger  trunks  pass 
outward,  and  ramify  upon  the 
walls  of  the  umbilical  vesicle. 
(Fig.  265.)  At  first,  there  are, 
OS  we  have  mentioned  above, 
two  omphalo-mesenteric  arteries 
emerging  from  the  body,  and  two 
omphalo-mesenteric  veins  return- 
ing to  it ;  but  soon  afterward,  the  two  arteries  are  replaced  by  a 
common  trunk,  while  a  similar  change  takes  place  in  the  two  veins. 
Subsequently,  therefore,  there  remains  but  a  single  artery  and  a 
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single  vein,  connecting  the  internal  and  external  portions  of  ibo' 
vitelline  circulation. 

The  vessels  belonging  to  this  system  are  therefore  caXM  tbe 
omphalo-mesenteric  vessels,  because  a  part  of  them  (omphalic  vts- 
aels)  pass  outward,  by  the  umbilicus,  or  "  omphalos,"  to  llie  umbili- 
cal vesicle,  while  the  remainder  (mesenteric  vessels)  ramtfj  upoo 
tbe  mesentery  and  the  intestine. 

At  first,  the  circulation  of  the  umbilical  vesicle  is  more  itoficfftr^^ 
ant  than  that  of  the  intestine;  and  the  omphalic  artery  and  retnl^^ 
appear  accordingly  as  large  trunks,  of  which  the  mesenteric  v» 
tsels  are  .simply  small  branches.  (F'ig.  265.)  Afterward,  howerer 
the  intestine  rapidly  enlarges,  while  the  umbilical  ve&icle  dimi- 
nishes, and  the  projxirtions  existing  between  the  two  sets  of  vesMk 
are  therefore  reversed.  (Fig.  266.)     The  mesenteric  ves9el»  tfaea 

Fig.  266. 
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corae  to  be  the  principal  trunks,  while  the  omphalic  vessels  are 
simply  minute  branches,  running  out  along  the  slender  cord  of  the 
umbilical  vesicle,  and  ramifying  in  a  few  scanty  twig8  upon  ita 
surface. 
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In  the  ineaa  time,  the  allantois  is  formed  by  a  protrusion  from 
the  lower  extremity  of  the  intestine,  which,  carrying  with  it  two 
arteries  and  two  veins,  passes  out  by  the  anterior  opening  of  the 
body,  and  comes  in  contact  with  the  external  membrane  of  the 
^Ig.  The  arteries  of  the  allantois,  which  are  termed  the  umbilical 
arteries,  are  supplied  by  branches  of  the  abdominal  aorta;  .the  um- 
bilical veins,  on  the  other  hand,  join  the  mesenteric  veins,  and 
empty  with  them  into  the  venous  extremity  of  the  heart  As  the 
umbilical  vesicle  diminishes,  the  allantois  enlarges ;  and  the  latter 
soon  becomes  converted,  in  the  human  subject,  into  a  vascular 
chorion,  a  part  of  which  is  devoted  to  the  formation  of  the  placenta. 
(Fig.  266.)  As  the  placenta  soon  becomes  thQ  only  source  of  nutri- 
tion for  the  foetus,,  its  vessels  are  at  the  same  time  very  much 
increased  in  size,  and  preponderate  over  all  the  other  parts  of  the 
circulatory  systiem.  During  the  early  periods  of  the  formation  of 
the  placenta,  there  are,  as  we  have  stated  above,  two  umbilical 
arteries  and  two  umbilical  veins.  But  subsequently  one  of  the 
veins  disappears,  and  the  whole  of  the  blood  is  returned  to  the  body 
of  the  foetus  by  the  other,  which  becomes  enlarged  in  proportion. 
For  a  long  time  previous  to  birth,  therefore,  there  are  in  the  umbili- 
cal cord  two  umbilical  arteries,  and  but  a  single  umbilical  vein. 

Such  is  the  second,  or  placental  circulation.  It  is  exchanged,  at 
the  period  of  birth,  for  the  third  or  aduU  circulation,  in  which  the 
blood  which  had  previously  circulated  through  the  placenta,  is 
diverted  to  the  lungR  and  the  intestine.  These  are  the  oigan« 
upon  which  the  whole  system  afterward  depends  for  the  nourish- 
ment aind  renovation  of  the  blood. 

During  the  occurrence  of  the  above  changes,  certain  other  altera- 
tions take  place  in  the  arterial  and  venous  systems,  which  will  now 
reqmre  to  be  described  by  themselves. 

Development  of  the  Arterial  System. — At  an  early  period  of  deve 
lopment^  as  we  have  shown  above,  the  principal  arteries  pass  off 
from  the  anterior  extremity  of  the  heart  in  two  arches,  which  curve 
backward  on  each  side,  from  the  front  of  the  body  toward  the 
vertebral  column,  after  which  they  atgain  become  longitudinal  in 
direction,  and  receive  the  name  of  "vertebral  arteries."  Very  soon 
these  arches  divide  successively  into  two,  three,  four,  and  five 
secondary  arches,  placed  one  above  the  other,  along  the  sides  of 
the  neck.  (Fig.  267.)  These  are  termed  the  cervical  arches.  In  the 
fish,  these  cervical  arches  remain  permanent,  and  give  off  from  their 
convex  borders  the  branchial  arteries,  in  the  form  of  vascular  tufl,^ 
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to  the  gills  on  each  side  of  the  neck ;  but  in  the  haman  subjeci  tal^ 
the  quadrupeds,  the  branchial  tufts  are  never  developed,  uxvi  tb^ 
cervical  arches,  as  well  as  the  trunks  with  which  they  are  ooo- 
nected,  beoome  modified  by  the  progress  of  developD>ent  in  tha 
foUowincr  manner: — 


Fig.  267. 
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vertebral  niierie*  (2.  2).  Tlie  rerlebral  arle- 
ries  aolt«  below  lh«  b««rt  to  foim  lh« 
kortt  13). 
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TKii— 1,1.  CarMliU.  «.  a.  V*rl«*ndk. 
5,  3  Rlf^lit  BDd  Irfl  •abel»TU».  4.  4 
Rlfbt  kuil  IrA  aaf^rior  lai»r«.>*iaU  4 
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The  two  ascending  arterial  trunks  on  the  anterior  part 
neck,  from  which  the  cervical  arches  are  given  ofl^  become 
verted  into  the  carotids.  (Fig.  268,  >,  i.)  The  fifth,  or  jipperauri 
cervical  arch,  remains  at  the  base  of  the  brain  as  the  iiKWcnUlk^, 
through  the  circle  of  Willis,  between  the  internal  carotids  andlbe 
basilar  artery,  which  is  produced  by  the  union  of  the  two  TCrte- 
brals.  The  next,  or  fourth  cervical  arch,  may  be  recogolaed  ia  M 
inosculation  which  is  said  to  be  very  constant  between  tbo  superior 
thyroid  arteries,  branches  of  the  carotids,  and  the  inferior  tbyroidi^ 
which  come  from  the  subclavians  at  nearly  the  same  point  from 
which  the  vertebrals  are  given  ofil  The  next,  or  thir*l  oerrioal  tfoh, 
remains  on  each  sid^  as  the  subclavian  artery  (a,  >)»    This 
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though  at  first  a  mere  branch  of  communication  between  the  caro* 
tid  and  the  vertebral,  has  now  increased  in  size  to  such  an  extent 
that  it  had  become  the  principal  trunk,  from  which  the  vertebral 
itself  is  given  off  as  a  small  branch.  Immediately  below  this  point 
of  intersection,  also,  the  vertebral  artery  diminishes  very  much  in 
relative  size,  loses  its  connection  with  the  abdominal  aorta,  and 
supplies  only  the  first  two  intercostal  spaces,  under  the  name  of  the 
superior  intercostal  artery  (4,  4).  The  second  cervical  arch  becomes 
altered  in  a  very  different  manner  on  the  two  opposite  sides.  On 
the  left  side,  it  becomes  enormously  enlarged,  so  as  to  give  ofC  as 
secondary  branches,  all  the  other  arterial  trunks  which  have  been 
described,  and  is  converted  in  this  manner  into  the  arch  of  the 
aorta  (s).  On  the  right  side,  however,  the  corresponding  arch  (a) 
becomes  smaller  and  smaller,  and  at  last  altogether  disappears ;  so 
that,  finally,  we  have  only  a  single  aortic  arch,  projecting  to  the 
left  of  the  median  line,  and  continuous  with  the  thoracic  and  abdo- 
minal aorta. 

The  first  cervical  arch  remains  during  foetal  life  upon  the  left 
side,  as  the  "  ductus  arteriosus,"  presently  to  be  described.  In  the 
adult  condition,  however,  it  has  disappeared  equally  upon  the  right 
and  left  sides.  In  this  way  the  permanent  condition  of  the  arterial 
circulation  is  gradually  established  in  the  upper  part  of  the  body. 

Corresponding  changes  take  place,  however,  during  the  same 
time,  in  the  lower  part  of  the  body.  Here  the  abdominal  aorta 
runs  undivided,  upon  the  median  line,  quite  to  the  end  of  the 
spinal  column ;  giving  off  on  each  side  successive  lateral  branches, 
which  supply  the  intestine  and  the  parietes  of  the  body.  When 
the  allantois  begins  to  be  developed,  two  of  these  lateral  branches 
accompany  it,  and  become,  consequently,  the  umbilical  arteries. 
These  two  vessels  increase  so  rapidly  in  size,  that  they  soon  appear 
as  divisions  of  the  aortic  trunk ;  while  the  original  continuation  of 
this  trunk,  running  to  the  end  of  the  spinal  column,  appears  only 
as  a  small  branch  given  off  at  the  point  of  bifurcation.  When  the 
lower  limbs  begin  to  be  developed,  they  are  supplied  by  two  small 
branches,  given  off  from  the  umbilical  arteries  near  their  origin. 

Up  to  this  time  the  pelvis  and  posterior  extremities  are  but 
slightly  developed.  Subsequently,  how^ever,  they  grow  more 
rapidly,  in  proportion  to  the  rest  of  the  body,  and  the  arteries 
which  supply  them  increase  in  a  corresponding  manner.  That 
portion  of  the  umbilical  arteries,  lying  between  the  bifurcation  of 
the  aorta  and  the  origin  of  the  branches  going  to  the  lower  ex- 
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tremities,  becomes  the  common  iliacs,  which  in  their  turn  afienr: 
divide  into  the  umbilical  arteries  proper,  and  the  femoraU.  Su^v 
sequently,  by  the  continued  growth  of  the  pelvis  and  lowi 
extremities,  the  rektive  size  of  their  vessels  is  still  further  inr 
creased ;  and  at  loist  the  arterial  system  in  this  part  of  the  bod^ 
assumes  the  arrangement  which  belongs  to  the  latter  periods 
gestation.  The  aorta  divides,  as  before,  into  the  two  common  Wuxc^l 
These  also  divide  into  the  external  iliacs,  supplying  the  lower  ex: 
tromities,  and  the  internal  iliacs,  supplying  the  pelvis;  and  thif' 
division  is  so  placed  that  the  umbilical  or  hypogastric  arteries  arise 
from  the  internal  iliacs,  of  which  they  now  appear  to  be  secondv; 
branches. 

Afler  the  birth  of  the  foetus,  and  the  separation  of  the  plaoeDla, 
the  hypogastric  arteries  become  partially  atrophied,  and  arc  ooo 
verted,  in  the  adult  condition,  into  solid,  rounded  cords,  runnisg 
upward  toward  the  umbilicus.  Their  lower  portion,  howevo; 
-etnains  pervious,  and  gives  oft'  arteries  supplying  the  artnaij 
bladder.  The  obliterated  hypogastric  arteries,  therefore,  the  rem* 
uants  of  the  original  umbilical  or  allantoic  arteries,  run  upward 
from  the  internal  iliacs  along  the  sides  of  the 
urinary  bladder,  which  is  the  remnant  of  the  ori- 
ginal allautois  itself.  The  terminal  continuadco 
of  the  original  abdominal  aorta,  is  tb«  arieria 
sacra  media,  which,  in  the  adult,  runs  downwaid 
on  the  anterior  surface  of  the  sacrum,  supplying 
branches  to  the  rectum  and  the  anterior  sacral 
nerves. 

iJewfnpment  of  the  Vemim  Si/stem, — Accordioj 
to  the  observations  of  M.  Coste.  the  venous  systeia 
at  first  presents  the  same  simplicity  and  symmetry 
with  the  arterial.  The  principal  veins  of  tbe 
body  consist  of  two  long  venous  trunks,  the  ftr- 
lebral  wins  (Fig.  269),  which  run  along  the  sides 
of  the  spinal  column,  parallel  with  the  vertebral 
arteries.  They  receive  in  succession  all  the  inter* 
costal  veins,  and  empty  into  the  heart  by  two 
lateral  trunks  of  equal  size,  the  canals  of  Cuviat. 
When  the  inferior  extremities  become  developed, 
their  two  veins,  returning  from  below,  join  the 
vertebral  veins  near  the  posterior  portion  of  the 
body ;   and,  crossing  them,  afterward  unite  with  each  other,  tbu^ 
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isonstituting  another  vein  of  new  formation 
(Fig.  270,  a),  which  runs  upward  a  little  to  the 
right  of  the  median  line,  and  empties  by  itself 
into  the  lower  extremity  of  the  heart.  The 
two  branches,  by  means  of  which  the  veins  of 
the  lower  extremities  thus  unite,  become  after* 
ward,  by  enlargement,  the  common  iliac  veins ; 
while  the  single  trunk  (a)  resulting  from  their 
union  becomes  the  v«ui  cava  inferior.  Subra- 
quently,  the  vena  cava  inferior  becomes  very 
much  larger  than  the  vertebral  veins ;  and  its 
two  branches  of  bifurcation  are  afterward  re- 
presented by  the  two  iliacs. 

Above  the  level  of  the  heart,  the  vertebral 
and  intercostal  veins  retain  their  relative  size 
until  the  development  of  the  superior  extremi- 
ties  has  commenced.  Then  two  of  the  inter- 
costal  veins  increase  in  diameter  (Fig.  270),  and 
become  converted  into  the  right  and  left  sub- 
clavians;  while  those  portions  of  the  vertebral 
veins  situated  above  the  subclavians  become  the 
right  and  left  jugulars.  Just  below  the  junction 
of  the  jugulars  witb  the  subclavians,  a  small 
branch  of  communication  now  appears  between 
the  two  vertebrals(Fig.  270,  b),  passing  ovei*  from 
left  to  right,  and  emptying  into  the  right  verte- 
bral vein  a  little  above  the  level  of  the  heart ;  so 
that  a  part  of  the  blood  coining  from  the  left  side 
of  the  head,  and  the  left  upper  extremity,  still 
passes  down  the  left  vertebral  vein  to  the  heart 
i&pon  its  oWn  side,  while  a  part  crosses  over  by 
the  communicating  branch  (b),  and  is  finally 
conveyed  to  the  heart  by  the  right  descending 
vertebral.  Soon  afterward,  this  branch  of  com- 
munication enlarges  so  rapidly  that  it  prepon- 
derates  altogether  over  the  left  superior  verte- 
bral vein,  from  which  it  originated  (Fig.  271), 
and,  serving  then  to  convey  all  the  blood  coming 
from  the  left  side  of  the  head  and  left  upper 
extremity  over  to  the  right  ^ide  above  the  heart, 
it  becomes  the  left  vena  innominatar. 


Fig.  27a 
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Fig.  272. 


On  tbe  left  side,  tbat  portion  of  the  superior  vertebral  vein,  w] 
is  below  the  subclavian,  remains  as  a  small  branch  of  the  vcnai 
norainata,  receiving  the  six  or  seven  upper  iotercostal  veins;  wbW 
on  the  right  side  it  becomes  excessively  enlarged,  receiving 
blood  of  both  jugulars  and  both  subclavians,  and  is  convened 
the  vena  cava  superior. 

The  left  canal  of  Guvier,  by  which  the  left  vertebral  vein  at  fi. 
communicates  with  tlie  heart,  subsequently  becomes  atrophied 
disappears;  while  on  the  right  side  it  becomes  excessively 
and  forms  the  lower  extremity  of  the  vena  cava  superior. 
The  superior  and  inferior  ven»  cavse,  accordingly,  do  not 

respond  with  each  other  so  far  as  r^ard^  their 
mode  of  origin,  and  are  not  to  be  regaidcd  as 
analogous  veins.  For  tbe  superior  vena  can 
is  one  of  the  original  vertebral  reins;  while 
the  inferior  vena  cava  is  a  totally  distinct  rem, 
of  new  l<>rmati<)n,  resulting  from  the  union  of 
the  two  lateral  trunks  coming  £rom  the  infe- 
rior extremitica. 

The  remainder  of  the  vertebral  veins  finiliy 
assume  the  condition  shown  in  Fig.  272.  which 
is  tbe  compltte  or  adult  form  of  the  vcooos 
circulation.  At  the  lower  part  of  the  alxlonicn, 
the  vertebral  veins  send  inward  small  trans- 
verse branches,  which  communicate  with  ttie 
vena  cava  inferior,  between  the  points  at  which 
they  receive  the  intercostal  veins.  Tbcn 
branches  of  communication,  by  increasing  in 
size,  become  the  lumbar  veins  (i),  whicli,  in  the 
adult  condition,  communicate  with  each  oibei 
by  arched  branches,  a  short  distance  to  the  side 
of  the  vena  cava.  Above  the  level  of  tlie 
lumbar  arches,  the  vertebral  veins  retain  llwir 
original  direction.  That  upon  the  right  side 
still  receives  all  the  right  intercostal  veins,  osd 
becomes  the  vetia  azygos  major  (»).  It  abo 
receives  a  small  branch  of  communication  froo 
its  fellow  of  the  left  side  (Fig.  271,  c),  and  this  branch  soon  enlarges 
to^uch  an  extent  as  to  bring  over  to  the  vena  azygos  major  all  lh« 
blood  of  the  five  or  six  lower  intercostal  veins  of  tbe  left  sido^ 
becoming,  in  this  way,  the  vaut  azygos  minor  (■)..    XU^  six  or  sev 
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apper  intercostal  veins  on  the  left  side  still  empty,  as  before,  into 
their  own  vertebral  vein  (lo),  which,  joining  the  left  vena  innomi- 
nata  above,  is  known  as  the  superior  intercostal  vein.  The  left  canal 
of  Ouvier  has  by  this  time  entirely  disappeared ;  so  that  all  the 
venous  blood  now  enters  the  heart  by  the  superior  or  the  inferior 
vena  cava.  But  the  original  vertebral  veins  are  still  continuous 
throughout,  though  very  much  diminished  in  size  at  certain  points; 
since  both  the  greater  and  lesser  azygous  veins  inosculate  below 
Withr  the  superior  lumbar  veins,  and  the  superior  intercostal  vein 
also  inosculates  below  with  the  lesser  azygous,  just  before  it  passes 
over  to  the  right  side. 

There  are  still  two  parts  of  the  circulatory  apparatus,  the  deve- 
lopment of  which  presents  peculiarities  sufficiently  important  to 
be  desmbed  separately.  These  are,  first,  the  liver  and  the  ductus 
venosus,  and  secondly,  the  heart,  with  the  ductus  arteriosus. 

Development  of  the  Hepatic  Circulation  and  the  Ductus  Venosus. — 
The  liver  appefirs  at  a  very  early  period  in  the  upper  part  of  the 
abdomen,  as  a  mass  of  glandular  and  vascular  tissue,  which  is  deve- 
loped around  the  upper  portion  of  the 
omphalo^mesenteric  vein,  just. below  its  Pig.  278. 

termination  in  the  heart.  (Fig.  273.)    As 
soon  as  the  organ  has  attained  a'  con- 
siderable size,  the   omphalo-mesenteric 
vein  (i)  breaks  up  in  its  interior  into  a 
capillary  plexus,  the  vessels  of  which 
unite  again  into  venous  trunks,  and  so 
cbiivtey  the  blood  finally  to  the  heart. 
Thd  otaphalo-mesfenteric  vein  below  the     B»riy  form  •!  HirATfa  ci«- 
liver  then  becomes  the  ;)ortoZt;em;  while   'JJ^^'l^j;-  i''^'^;^! 
above  the  liver,  and  between  that  organ   h**^.   The  dott«i  lue  •how*  tb« 
and  the  hearty  it  receives  the  name  of  vein. 
the  hepatic  vein  {a).    The  liver,  accord- 

ingJyi  »8  atthiis  time  supplied  with  blood  entirely  by  the  portal  .vein, 
coming  from  the  umbilical  vesicle  and  the  intestine;  and  all  the 
blood  derived  from  this  sour^  must  pass  through  the  hepatic  cir* 
oulatioil  before  reaching  the  venous  extremity  of  the  heart. 

But  soon  afterward '  the  allantois  makes  its  appearance,  and  be- 
comes rapidly  developed  into  the  placenta;  and  the  umbilical  vein 
coming  from  it  joins  the  omphalo-mesenteric  vein  in  the  substance 
of  the  liver,  and  takes  ptfrt  in  the  formation  of  the  hepatic  capillary- 
plexus.   As  the  umbilical  vesicle,  however,  becomcis  atrophied,  aiid 
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the  intestine  also  remnin.s  inactive,  while  the  placenta  incredMe*  in 
Size  and  in  functioual  importance,  a  time  Boou  arrives  wben  lOe 

lirer  receives  more  blood  by  the  umbilioftl 
vein  than  by  the  portal  vein.  (Fig.  274.) 
The  umbilical  vein  then  passes  into  th« 
liver  at  the  longitudinal  fi:imre>  and  sap' 
plies  the  left  lobe  entirely  with  its  own 
branches.  To  the  right  it  sends  off  a  large 
branch  of  communication,  which  opens  in- 
to the  portal  vein,  and  partially  6applieA 
the  right  lube  with  umbilical  blood.  ITn* 
liver  is  thus  supplied  with  blood  from  t*o 
different  sources,  the  most  abundant  of 
which  is  the  umbilical  vein ;  and  all  tho 
blood  entering  the  liver  circulates,  as  &• 
fore,  through  its  capillary  vessels. 

But  we  have  already  seen  that  the  liver  is  much  larger,  in 
portion  to  the  entire  Ixxly,  at  an  early  j)eriod,  of  foetal  life  than 
the  later  months.     In  the  foetal  pig,  when  very  young,  it  amounts 

to  nearly  twelve  per  cent,  of  tb« 
weight  of  the  whole  body ;  but  be- 
fore birth  it  diminishes  to  seven,  six. 
and  even  three  or  four  per  cent.  For 
Bome  time,  therefore,  previous  to 
birth,  there  i.s  much  more  blood  re- 
turned from  the  placenta  than  is  m- 
quired  for  the  capillary  circulation 
of  the  liver.  Accordingly,  a  vaacolar 
duct  or  canal  is  formed  iu  its  interiotr 
by  which  a  portion  of  the  placental 
blood  is  carried  directly  through  the 
organ,  and  conveyed  to  the  heart 
without  having  passed  through  the 
hepatic  capillaries.  This  duel  is 
called  ^he  Dttclus  venoau*. 

The  ductus  venosus  is  formed  by  a 
gradual  dilatation  of  one  of  the  he- 
patic capillaries  at  (j)  (Fig.  275),  which,  enlarging  excessively,  be- 
comes at  last  converted  into  a  wide  canal,  or  branch  of  oomnraw- 
cation,  passing  directly  from  the  umbilical  vein  bolow  to  the  hepatio 
vein  above.     The  circulation  through  the  liver,  thus  established,  is 


i 


Fig.  276. 
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as  follows :  A  certuin  quantity  of  venous  blood  still  enters  through 
the  portal  veiu  (i),  anil  circulates  in  a  part  of  the  capillary  system 
of  the  right  lobe.  The  umbilical  vein  (j),  bringing  a  much  larger 
quantity  of  blood,  enters  the  liver  al^^o,  a  little  to  the  lefl,  and  the 
blood  which  it  contains  divides  into  three  principal  streams.  One 
of  them  passes  through  the  left  branch  (»)  into  the  capillaries  of  th6 
lefl  lobe;  another  turns  oft' through  the  right  branch  (<),  and,  join- 
ing the  blood  of  the  portal  vein,  circulates  through  the  capillaries 
of  the  right  lobe;  while  the  third  passes  directly  onward  through 
the  venous  duct  (»),  and  reaches  the  hepatic  vein  without  having 
passed  through  any  part  of  the  capillary  plexus. 

This  condition  of  the  hepatic  circulation  continues  until  birth. 
At  that  time,  two  important  changes  take  place.  First,  the  pla- 
cental circulation  is  altogether  cut  ofl";  and  secondly,  a  much  larger 
quantity  of  blood  than  before  begins 
to  circulate  through  the  lungs  and 
the  intestine.  The  superabundance 
of  blood,  previously  coming  from  the 
placenta,  is  now  diverted  into  tho 
lungs ;  while  the  intestinal  canal,  en- 
tering upon  the  active  performance  of 
its  functions,  becomes  the  sole  source 
of  supply  for  the  hepatic  venous 
blood.  The  following  changes,  there- 
fore, take  place  at  birth  io  the  ves- 
eels  of  the  liver.  (Fig.  276.)  First, 
the  umbilical  vein  shrivels  and  be- 
comes converted  into  a  solid  rounded 
cord  (a).  This  cord  may  be  seen,  in 
the  adult  condition,  running  from  the 
internal  surface  of  the  abdominal 
walls,  at  the  umbilicus,  to  the  longi- 
tudinal fissure  of  the  liver.  It  is  then 
known  under  the  name  of  the  round 

ligament.  Secondly,  the  ductus  venosus  also  becomes  obliterated, 
and  converted  into  a  fibrous  cord.  Thirdly,  the  blood  entering  tho 
liver  by  the  portal  vein  (i),  passes  oft*  by  its  right  branch,  as  before, 
to  the  right  lobe.  But  in  the  branch  (■•),  the  course  of  the  blood  is 
reversed.  This  was  formerly  the  right  branch  of  the  umbilical 
vein,  its  blood  pa.ssing  in  a  direction  from  left  to  right.  It  now 
becomes  the  left  branch  of  the  portal  vein ;  and  its  blood  passe."! 


Adult  form  of  Rkpatio  C(ii«rt.4. 
Ttox.— 1.  Portal  velD.  2  Oblit«rkt«d 
dmbltleal  vtln,  rormlDg  tb«  raaiid  llsii- 
meol;  the  contlDiiktian  of  lbs  dolled 
line*  throDgb  the  tlrer  (how*  (he  (Unt- 
tioa  of  the  obllleratod  dnctot  Tcoona*. 
3.  Hepatic  veto.  4.  Left  branch  of  portal 
Tela. 
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from  right  to  left,  to  be  distributed  to  the  capillaries  of  the 
ly,  the  umbilical  vein  is  completely 


lobe. 


Dr 


closed 


Accord  in_ 
the  end  of  the  fifth  day  after  birth. 

Development  of  tfu;  Htart,  and  tft^  Ductus  Artmosu». — "When  1^9 
embryonic  circulation  is  first  established,  the  heart  i^  a  simple  taba> 
lap  sac  (Fig.  277),  receiving  the  veins  at  its  lower  extfemily.  and 
giving  off  the  arterial  trunks  at  its  upper  extremity.  By  the  pwv 
gress  of  its  growth,  it  soon  becomes  twisted  upon  itself;  so  that  tlie 
entrance  of  the  veins,  and  the  exit  of  the  arteries,  come  to  be  plaonl 
more  nearly  upon  the^sarae  horizontal  level  (Fig,  278);  but  the 
entrance  of  the  veins  (>)  is  behind  and  a  little  below,  while  the  exit 
of  the  arteries  (a)  is  in  front  and  a  little  above.  The  henrt  '\%  at 
this  time,  a  simple  twisted  tube;  and  the  blood  passes  through  it 
in  a  single  continuous  stream,  turning  upon  itself  at  the  poitu  of 
curvature,  and  passing  directly  out  by  the  arterial  orifice. 

Fig.  277.  Fig.  278.  Fig.  279. 


1\ 


EkrIiesI  foriB  nt  PntAL 
Hi  AIT.  —  I.  VcDuun  ex- 
Iramlty.  i.  Artcilal  ex- 
tremlif. 


FaTAL  KrART,  Iwlitad 
0(1011  Itwir. — I.  VeDnns  «x- 
trcmUy.  I  Artarlal  taclre- 
mUj. 


VariL  Hbast.  «1vM*i 
lato  right  aad  l«rt  r%%  kOm.— 
I.  Vtouu*  trtiT*m.\ij.  1 
Arterial      cxtmBllr.      *»   >- 


Soon  afterward,  this  single  cardiac  tube  is  divided  into  two  pan!* 
lei  tubes,  right  and  left,  by  a  longitudinal  partition,  which  grovg 
from  the  inner  surface  of  its  walls  and  follows  the  twisted  ooum 
of  the  organ  itself.  (Fig.  279.)  This  partition,  which  is  indicated 
in  the  figure  by  a  dotted  line,  extends  a  short  distance  into  the 
commencement  of  the  primitive  arterial  trunk,  dividing  it  into  two 
lateral  halves,  one  of  which  is  in  communication  with  the  right  side 
of  the  heart,  the  other  with  the  left. 

About  the  same  time,  the  pulmonary  branches  («,  «)  are  giwD 
off  from  each  side  of  the  arterial  trunk  near  its  origin ;  and  tbe 
longitudinal  partition,  above  spoken  of,  is  so  placed  that  both  these 
branches  fall  upon  one  side  of  it,  and  are  both,  consequently,  gir«n 
off  from  that  division  of  the  artery  which  is  connected  with  tbe  right 
side  of  the  heart. 
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FotTAl.  RuABTttUI  AtrtK«r 
developed.— I  Aorta.  S.  Pu.> 
inoDBrT'  krterjr.  S.  S.  Pal- 
monarjr  bnaehea  4.  Ducic* 
MTteriotu. 


.Tery  soon  a  superficial  line  of  demarcation,  or  furrow  shows 
Itself  upon  the  external  surface  of  the  heart,  corresponding  in  situa- 
tion with  the  internal  septum;  while  at  the  root  of  the  arterial 
trunk  this  furrow  becomes  much  deeper,  and  finally  the  two  lateral 
portions  of  the  vessel  are  separated  from  each  other  altogether,  in 
the  immediate  neighborhood  of  the  heart, 
joining  again,  however,  a  short  distance  be- 
yond the  origin  of  the  pulmonary  branches. 
(Fig.  280.)  It  then  becpmes  evident  that 
the  left  lateral  division  of  the  arterial  trunk 
is  the  commencement  of  the  aorta  (i);  while 
its  right  lateral  division  is  the  trunk  of  the 
pulmonary  artery  (a),  giving  off  the  right 
and  left  pulmonary  branches  (»,8),  at  a  short 
distance  from  its  origin.  That  portion  of 
the  pulmonary  trunk  (4)  which  is  beyond 
the  origin  of  the  pulmonary  branches,  and 
which  communicates  freely  with  the  aorta,  is  the  Ductus  arteriosus. 

The  ductus  arteriosus  is  at  first  as  large  as  the  pulmonary  trunk 
itself;  and  nearly  the  whole  of  the  blood,  coming  from  the  right 
ventricle,  passes  directly  onward  through  the  arterial  duct,  and 
enters  the  aorta  without  going  to  the  lungs.  But  as  the  lungs 
gradually  become  developed,  they  require  a  larger  quantity  of 
blood  for  their  nutrition,  and  the  pulmonary  branches  increa&e  in 
proportion  to  the  pulmonary  trunk  and  the  ductus  arteriosus.  At 
the:  termination  of  foetal  life,  in  the 
human  subject,  the  ductus  arteriosus 
is  about  as  large  as  either  one  of  the 
pulmonary  branches ;  and  a  very  con- 
siderable portion .  of  the  blood,  there- 
fore, coming  from  the  right  ventricle 
still  passes  onward  to  the  aorta  with- 
out being  distributed  to  the  lungs. 

But  at  the  period  of  birth,  the  lungs 
enter  upon  the  active  performance  of 
the  function  of  respiration,  and  imme- 
diately require  a  much  larger  supply 
of  blood.  The  right  and  left  pul 
monary  branches  then  enlarge,  so  as 
to  become  the  two  principal  divisions 
of  the  pulmonary  trunk.  (Fig.  281.)    The  ductus  ai^teriosus  at  the 


Fig.  281. 


Bb«kt  or  IxFAKT,  ebowloK  dU- 
»pp««niDe«  of  arterikl  duet  after  birtb 
— 1    Aorta.    S   Palmonarjr  arterjr.  ,  8  . 
3.    PalinoDarjr  branehei.     4.    Daetsr 
arterlorat  beeoming  obliterated. 
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same  time  becomes  contracted  and  ghrivelled  to  such  an  extent 
that  its  euvity  is  obliterated  ;  and  it  is  finally  converted  into  an  im- 
pervious, rounded  cord,  which  remains  until  adult  life,  runnit^ 
from  the  point  of  bifurcation  of  the  pulmonary  artery  to  the  aoder 
Bide  of  the  arch  of  the  aorta.  The  obliteration  of  the  arterial  dost 
ia  complete,  at  latest,  by  the  tenth  week  after  birth.  (Guy.) 

The  two  auricles  are  separated  from  the  two  ventricles  by  bol 
zontal  septa  which  grow  IVum  the  internal  surface  of  the  cardiac 
walls ;  but  these  septa  remaining  incomplete,  the  auriculo-ventricu* 
lar  oriiices  continue  ]>ervious,  and  allow  the  free  passage  of  tht 
;  blood  from  the  auricles  to  the  ventricles. 

The  interventricular  septum,  or  that  which  separates  the  ttn 
[ventricles  from  each  other,  is  completed  at  a  very  early  date;  bat 
the  interauricular  septum,  or  that  which  is  situated  between  the 
two  auricles,  remains  incomplete  for  a  long  time,  being  perf9rated 
by  an  oval-shaped  opening,  the  foramen  ovale,  allowing,  at  this 
situation,  a  free  passage  from  the  right  to  the  left  side  of  the  heart 
The  existence  of  the  foramen  ovale  and  of  the  ductus  arteriosus 
gives  rise  to  a  peculiar  crossing  of  the  streams  of  blood  in  paasiag 
through  the  heart,  which  is  characteristic  of  foetal  life,  and  which 
may  be  described  as  follows : — 

It  will  be  found  ujwn  examination  that  the  two  venaa  cars, 
superior  and  inferior,  do  not  open  into  the  auricular  sac  on  tb« 
same  plane  or  in  the  same  direction;  for  while  the  superior  vena 
cava  is  situated  anteriorly,  and  is  directed  downward  and  forward, 
the  inferior  is  situated  qniie  posteriorly,  and  passes  into  the  auricle 
in  a  direction  from  right  to  left,  and  transversely  to  the  axis  of 
the  heart.  A  nearly  vertical  curtain  or  valve  at  the  same  lime 
hangs  downward  behind  the  orifice  of  the  superior  vena  caya  and 
in  front  of  the  orifice  of  the  inferior.  This  curtain  is  formed  by 
the  lower  edge  of  the  septum  of  the  auricles,  which,  as  we  have 
before  stated,  ia  incomplete  at  this  age,  and  which  terminates 
infcriorly  and  toward  the  right  in  a  creacentic  border,  leaving  at 
that  part  an  oval  opening,  the  foramen  ovale.  The  stream  of  blood, 
coming  from  the  superior  vena  cava,  falls  accordingly  in  front  of 
this  curtain,  and  passes  directly  downward,  through  the,  auricalo 
ventricular  orifice,  into  the  right  ventricle.  But  the  inferior  vena 
cava,  being  situated  farther  back  and  directed  transversely,  open^ 
properly  speaking,  not  into  the  right  auricle,  but  into  the  left;  for 
its  stream  of  blood,  falling  behind  tjic  curtain  above  mentioned, 
passes  across,  through  the  foramen  ovale,  directly  into  the  cavity 
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the  left  auricle.  This  direction  of  the  current  of  blood,  coming 
from  the  inferior  vena  cava,  is  further  secured  by  a  jjeculiar  mem- 
branous valve,  which  exists  at  tbis  period,  termed  the  Eustachian 
valve.  This  valve,  which  is  very  thin  and  transparent  (Fig.  282. /)i 
is  attached  to  the  anterior  border  of  the  orifice  of  the  inferior  vena 
cava,  and  terminates  by  a  creaceulic  edge,  directed  toward  the  left ; 
the  valve,  in  this  way,  standing 

as  an  incomplete  membranous  Fig.  282, 

partition  between  the  cavity  of 
the  inferior  vena  cava  and  that 
of  the  right  auricle,  A  bougie, 
accordingly,  placed  in  the  in- 
ferior vena  cava,  as  shown  in 
Fig.  282,  lies  naturally  quite 
behind  the  Eustachian  valve^ 
and  passes  directly  through 
the  foramen  ovale,  into  the  left 
auricle. 

The  two  streams  of  blood, 
therefore,  coming  from  the  su- 
perior and  inferior  veme  cavae, 
cross  earsh  other  upon  entering 
the  heart.  This  crossing  of  the 
streams  does  not  take  place, 
however,  as  it  is  sometimes 
described,  in  the  cavity  of  the 
right  auricle;  but, owing  to  the 
peculiar  position  and  direction 
of  the  two  veins  at  this  period, 
with  reganl  to  the  septum  of 

the  auricles,  the  stream  coming  from  the  superior  vena  cava  enters 
the  right  auricle  exclusively,  while  that  from  the  inferior  passes 
almost  directly  inttj  the  left  auricle. 

It  will  also  be  seen,  by  examining  the  positions  of  the  aorta,  pul- 
monary artery,  and  ductus  arteriosus,  at  this  time,  that  the  arteria 
inuominata,  together  with  the  left  carotid  and  left  subclavian,  are 
given  off  from  the  arch  of  the  aorta,  before  its  Junction  with  the 
ductus  arteriosus,  and  this  arrangement  causes  the  blood  of  the  two 
venae  cavaj,  not  only  to  enter  the  heart  in  different  directions,  but 
also  to  be  distributed,  after  leaving  the  ventricles,  to  different  parts 
of  the  body.  (Fig.  283.)    For  the  blood  of  the  superior  vena  cava 


HEAETor  Rf  M All  F<BTD«,  >t  tbaend  ar tbi 
ilzth  montb  ;  from  »  ^peclmeD  Vd  Ibekuthor  (ivi». 
MMiutt.^^i.  luferlur  vena  r»ra.  t>.  Biip«rior  Tent 
earn  c-  C»*it/  of  rtirlil  kuriele,  laid  o|)«u  from 
Ihe  fronl.  d.  Apppodlx  aaricalarii.  i.  CkTiir  at 
rtKht  ventricle,  k1m>  laid  »peu.  /.  Eailaebtika  v%1til 
The  bougie,  which  U  pUred  tn  Ihe  Inferior  veok 
<«vii,  can  be  M«n  patdiiK  bchiod  the  Eattaehlaa 
valve,  Jnut  below  the  point  Indicated  bjr  /,  tbea 
eroulDK  behind  the  cavity  of  the  right  aniielc,  and 
pBKRlDff  ihruagb  the  fvr»nen  ovale,  to  the  \e(t  t'<i* 
«f  the  heart. 


Fig.  283. 
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passes  through  the  right  auricle  downward  into  the  right  venuick. 
thence  through  the  puhnouury  artery  aud  ductus  arteriosuis  isto 
the  thoracic  aorta,  while  the  blood  ot"  tire  inferior  vena  cava,  ettier> 
ing  the  left  auricle,  paasea  iato  the  left  ventricle,  tUeoce  into  tho  tith 
of  the  aorta,  and  is  distributed  to  the  head  and  upper  extremttiai, 
before  reaching  the  situation  of  the  arterial  duct.  The  two  streuu; 
therefore,  in  passing  ibrougli  the  lieart,  cross  each  other  both  bdnmi 
and  in  front.     Tlie  venous  bluod,  returning  from  the  head  mad 

tipper  extremities  by  the  gu[)ericir 
vena  cava,  passes  through  theabdo 
niinal  aorta  and  the  umbilical  Utt^ 
lies,  to  the  lower  part  of  tbo  body 
and  to  the  placenta ;  while  that  re- 
turning from  the  placenta,  by  the 
inferior  vena  cava,  is  distributed  to 
the  head  and  upper  extremities 
through  the  vessels  given  off  from 
the  arch  of  the  aorta. 

This  division  of  the  streams  of 
blood,  during  a  certain  period  of 
foetal  life,  is  so  complete  that  Dr. 
John  Reid,'  on  injecting  the  infe- 
rior vena  cava  with  red,  and  tbe 
superior  with  yellow,  in  a  sevo 
months'  human  foetus,  found  that 
the  red  had  passed  through  the  foramen  ovale  into  the  left  aoricle 
and  ventricle  and  arch  of  the  aorta,  and  had  filled  the  vessels  of 
the  head  and  upper  extremities;  while  the  yellow  had  passed  istO 
the  right  ventricle,  pulmonary  artery,  ductus  arteriosus,  and  tho- 
racic aorta,  with  only  a  slight  admixture  of  red  at  the  posterior 
part  of  the  right  auricle.  All  the  branches  of  the  thoracic  and 
abdominal  aorta  were  filled  with  yellow,  while  the  whole  of  the  red 
had  passed  to  the  upper  part  of  the  hotly.  ^d| 

We  have  repeated  the  above  experiment  several  times  on  the  ^M 
foetal  pig,  when  about  one-half  and  three-quarters  grown,  first  taking 
the  precaution  to  wash  out  the  heart  and  large  vessels  with  a  wa- 
tery injection,  immediately  after  the  removal  of  the  foetus  from  the 
body  of  the  parent,  and  before  the  blood  had  been  allowed  to  coagu- 
late.   The  iDJections  used  were  blue  for  the  superior  vena  cava, 
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and  yellow  for  the  inferior.  The  two  syringes  were. managed,  ai 
the  same  time,  by  the  right  and  left  hands :  their  nozzles  being 
firmly  held  in  place  by  the  fingers  of  an  assistant.  When  the 
points  of  the  pyringes  were  introduced  into  the  veins,  at  equal  di& 
tances  from  the  heart,  and  the  two  injections  made  with  equal  forc9 
and  rapidity,  it  was  found  that  thQ  admixture  of  the  colors,  which 
took  place  was  so  slight,  that  at  least  iiiineteen-twentieths  of  the 
yellow  injection  had  passed  into  the  lefl  auricle,  and  nineteen-twen- 
tieths  of  the  blue  into  the  right.  The  pulmonary  artery  and  ductus 
arteriosus  contained  a  similar  proportion  of  blue,  and  the  arch  of 
the  aorta  of  yellow.  In  the  thoracic  and  abdominal  aorta,  however, 
contrary  to  what  wa^  found  by  Pr.  Beid,  there  was  always  an  ad- 
mixture of  the  two  colors,  generally  in  about  equal  proportions. 
This  discrepancy  may  be  owing  to  the  smaller  size  of  the  head  and 
upper  extremities,  in  the  pig,  as  compared  with  those  of  the  human 
subject,  which  would  prevent  their  receiving  all  the  blood  coming 
from  the  left  ventricle ;  or  to  some  differences  in  the  manipulation 
of  these  experiments,  in  which  it  is  not  always  easy  to  imitate,  ex 
actly  the  force  and  rapidity  of  the  different  currents  of  ^lood  m 
the  living  foetus.  The  above  result^  however,  are  such  as, to  lef^ve 
no  doubt  of  the  principal  fact,  viz.,  that  up  to  an  advanced  stage  of 
fceti^  life,  by  far  the  greater  portion  of  the  blood  coming  from  the 
inferior  vena  cava  passes  through  the  foramen  ovale,  into  the  lefl 
side  of  the  heart ;  while  by  far  the  greater  portion  of  that  coming 
from  the  head  and  upper  extremities  passes  into  the  right  side  of 
the  heart,  and  thence  outward  by  the  pulmonary  trunk  and  ductus 
arteriosus.  Toward  the  latter  periods  of  gestation,  this  division 
of  the  venous  currents  becomes  less  complete,  owing  to  the  three 
following  causes : — 

First,  the  lungs  increasing  in  size,  the  two  pulmonary  arteries,  as 
well  as  the  pulmonary  veins,  enlarge  in  proportion ;  and  a  greater 
quantity  of  the  blood,  therefore,  coming  from  the  right  ventricle^ 
instead  of  going  onward  through  the  ductus  arteriosus,  passes  to 
the  lungs,  and  returning  thence  by  the  pulmonary  veins  to  the  left 
auricle  and  ventricle,  joins  the  stream  passing  out. by  the  arch  of 
the  aorta. 

Secondly,  the  Eustachian  valve  diminishes  in  size.  This  valve,' 
which  is  very  large  and  distinct  at  the  end  of  the  sixth  month 
(Fig.  282),  subsequently  becomes  atrophied  to  such  an  extent  that, 
at  the  end  of  gestation,  it  has  altogether  disappeai:ed,  or  is  at  least 
reduced  to  the.  condition  of  a  very  narrow,  almost  imperoeptible 
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xnembraDOUS  ridge,  which  can  exert  no  influence  on  the  directioo 
of  the  current  of  blood  passing  by  it.  Thus,  the  cavity  of  the  iiii»' 
rior  vena  cava,  at  its  upper  extremity,  ceases  to  be  separated  fttwi 
that  of  the  right  auricle ;  and  a  passage  of  blood  from  ono  to 
other  may,  therefore,  more  readily  take  place. 

Thirdly,  the  foramen  ovale  becomes  partially  closed  by  a  vahrf 
which  passes  across  its  orifice  from  behind  forward.  This  ralrt; 
which  begins  to  be  formed  at  a  very  early  period,  is  called  tbt 
valve  of  the  foramen  ovale.  It  consists  of  a  thin,  fibrous  sheet,  which 
grows  fi-om  the  posterior  surface  of  the  auricular  cavity,  just  to  the 
left  of  the  foramen  ovale,  and  projects  into  the  left  auricle,  its  free 
edge  presenting  a  thin  crescentic  border,  and  being  attached,  by  iu 
two  extremities,  to  the  auricular  septum  u|x>n  the  left  side.  Thia 
valve  does  not  at  first  interfere  at  all  with  the  flow  of  blood  from 
right  to  left,  since  its  edge  hangs  freely  and  loosely  into  the  cavity 
of  the  left  auricle.  It  only  opposes,  therefore,  during  the  early 
periods,  any  accidental  regurgitation  from  left  to  right. 

But  as  gestation  advances,  while  the  walls  of  the  heart  ooB' 
tinue  to  enlarge,  and  its  cavities  to  expand  in  every  direction,  the 
fibrous  bundles,  forming  the  valve,  do  not  elongate  in  proportion* 
The  valve,  accordiugly,  becomes  drawn  downward  more  and  more 
toward  the  foramen  ovale.  It  thus  comes  in  contact  with  the  edges 
of  the  interauricular  septum,  and  unites  with  its  substance;  the 
adhesion  taking  place  first  at  the  lower  and  posterior  portion,  aui 
proceeding  gradually  upward  and  forward,  so  as  to  make  the  pM- 
sage,  from  the  right  auricle  to  the  left,  more  and  more  oblique  in 
direction. 

At  the  same  time,  an  alteration  takes  place  in  the  position  of  the 
inferior  vena  cava.  This  vessel,  which  at  first  looked  transversely 
toward  the  foramen  ovale,  becomes  directed  more  obliquely  for- 
ward ;  so  that,  the  Eustachian  valve  having  mostly  disappeared,  a 
part  of  the  blood  of  the  inferior  vena  cava  enters  the  right  auride^ 
while  the  remainder  still  passes  through  the  equally  oblique  open 
tng  of  the  foramen  ovale. 

At  the  period  of  birth  a  change  takes  place,  by  which  the 
foramen  ovale  is  completely  occluded,  and  all  the  blood  coming 
through  the  inferior  vena  cava  is  turned  into  the  right  auricle. 

This  change  depends  upon  the  commencement  of  respiration. 
A  much  larger  quantity  of  blood  than  before  is  then  sent  to  the 
lungs,  and  of  course  returns  frnm  them  to  the  left  auricle.  Tb« 
left  auricle,  being  then  completely  filled  with  the  pulmonary  b! 
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no  longer  admits  a  free  access  from  tbe  riglit  auricle  through  the 
foramen  ovale;  and  the  valve  of  the  foramen,  pressed  backward 
more  closely  against  the  edges  of  the  septum,  becomes  after  a  time 
adherent  throughout,  and  obliterates  the  opening  altogether.  The 
cutting  ofl'of  the  placental  circulation  diminishes  at  the  same  time 
the  quantity  of  blood  arriving  at  the  heart  by  the  inferior  vena 
cava.  It  is  evident,  indeed,  that  the  same  quantity  of  blood  which 
previously  returned  from  the  placenta  by  the  inferior  cava,  on  the 
right  side  of  the  auricular  septum,  now  returns  from  the  lungs,  by 
the  pulmonary  veins  upon  the  left  side  of  the  same  septum ;  and  it 
is  owing  to  all  these  circumstances  combined,  that  while  before  birth 
a  portion  of  the  blood  always  passed  from  the  right  auricle  to  the 
left  through  the  foramen  ovale,  no  such  passage  takes  place  after 
birth,  since  the  pressure  ia  then  equal  on  both  sides  of  the  auricular 
septum. 

Tbe  fcetal  circulation,  represented  in  Fig.  283,  is  then  replaced 
by  the  adult  circulation,  represented  in  Fig.  284. 

Fig.  291. 
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iia.ry  vela.    «.  Left  Teotriel*.    /.  Aorta. 


That  portion  of  the  septum  of  the  anriclea,  originally  occupied 
by  the  foramen  ovale,  is  accordingly  constituted,  in  the  adult  con 
dition.  by  the  valve  of  the  foramen  ovale,  which  has  become  adhe* 
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rent  to  the  edges  of  the  septum.  The  auricular  septum  in  the  adult 
heart  is,  therefore,  thinner  at  this  spot  than  elsewhere ;  and  presents, 
on  the  side  of  the  right  auricle,  an  oval  depression,  termed  the  j'j^isa 
ovalis,  which  indicates  the  site  of  the  original  foramen  ovale.  The 
fossa  ovalis  is  surrounded  by  a  slightly  raised  ring,  the  annvhxs 
ovalis,  representing  the  curvilinear  edge  of  the  original  duricular 
septum. 

The  foramen  ovale  is  sometimes  completely  obliterated  within  a 
few  days  after  birth.  It  often,  however,  remains  partially  pervious 
for  several  weeks  or  months.  We  have  a  specimen,  taken  from  a 
child  of  one  year  and  nine  months,  in  which  the  opening  is  still 
very  distinct;  and  it  is  not  unfrequent  to  find  a  small  aperture 
existing  even  in  adult  life.  In  these  instances,  however,  althoucrh 
the  adhesion  and  solidification  of  the  auricular  septum  may  not  be 
complete,  yet  no  disturbance  of  the  circulation  results,  and  no  a«I- 
mixture  of  blood  takes  place  between  the  right  and  left  sides  of  tlie 
heart;  since  the  passage  through  the  auricular  septum  is  always 
very  oblique  in  its  direction,  and  its  valvular  arrangement  prevents 
any  regurgitation  from  left  to  right,  while  the  complete  filling  of 
the  left  auricle  with  pulmonary  blood,  as  above  mentioned,  equally 
opposes  any  passage  from  right  to  left. 
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CHAPTER     XVIII. 

DEVELOPMENT    OP  THE    BODY  AFTER   BIRTH. 

The  newly-born  infant  is  still  very  far  from  having  arrived  ai  a 
state  of  complete  development.  The  changes  through  which  it  has 
passed  during  intra-uterine  life  are  not  more  marked  than  those 
which  are  to  follow  during  the  periods  of  infancy,  childhood,  and 
adolescence.  The  anatomy  of  the  organs,  both  internal  and  ex- 
ternal, their  physiological  functions,  and  even  the  morbid  derange- 
ments to  which  they  are  subject,  continue  to  undergo  gradual  and 
progressive  alterations,  throughout  the  entire  course  of  subsequent 
life.  The  history  of  development  extends,  properly  speaking,  from 
the  earliest  organization  of  the  embryonic  tissues  to  the  complete 
formation  of  the  adult  body.  The  period  of  birth,  accordingly, 
marks  only  a  single  epoch  in  a  constant  series  of  changes,  some  of 
which  have  preceded-,  while  many  others  are  to  follow. 

The  weight  of  the  newly-born  infant  is  between  six  and  seven 
pounds.  The  middle  point  of  the  body  is  nearly  at  the  umbilicus, 
the  head  and  upper  extremities  being  still  very  large,  in  proportion 
to  the  lower  extremities  and  pelvis.  The  abdomen  is  larger  and  the 
chest  smaller,  in  proportion,  than  in  the  adult.  The  lower  extremi- 
ties are  curved  inward,  as  in  the  foetal  condition,  so  that  the  soles  of 
the  feet  look  obliquely  toward  each  other,  instead  of  being  directed 
horizontally  downward,  as  at  a  subsequent  period.  Both  upper 
and  lower  extremities  are  habitually  curled  upward  and  forward 
over  the  chest  and  abdomen,  and  all  the  joints  are  constantly  in  a 
semi-flexed  position. 

The  process  of  respiration  is  very  imperfectly  performed  for 
some  time  after  birth.  The  expansion  of  the  pulmonary  vesicles; 
and  the  changes  in  the  circulatory  apparatus  described  in  the  pre- 
ceding chapter,  far  from  being  sudden  and  instantaneous,  are 
always  more  or  less  gradual  in  their  character,  and  require  an 
interval  of  several  days  for  their  completion.    Respiration,  indeed 
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Beema  to  bo  accomplisheil,  during  lliia  period,  to  a  considerable 
extent  through  the  skin,  which  is  remarkably  soft,  vascular,  and 
ruddy  in  color.  The  animal  heat  is  also  less  actively  generated 
than  in  the  adult,  and  requires  to  be  sustained  by  careful  protec- 
tion, and  by  coutact  with  the  body  of  the  mother.  The  young 
infant  sleeps  during  the  greater  part  of  the  time ;  and  even  wbea 
awake  there  are  but  few  manifestations  of  intelligence  or  perwp- 
tion.  The  special  senses  of  sight  and  bearing  are  dull  aud  inex- 
citable,  though  their  organs  are  perfectly  formed;  and  even 
consciousness  seems  present  only  to  a  very  limited  extent.  VoIud. 
tary  motion  and  sensation  arc  nearly  absent ;  and  the  almost  con- 
stant irregular  movements  of  the  Umbs,  observable  at  this  time, 
are  evidently  of  a  reflex  or  automatic  character.  Nearly  all  the 
nervous  phenomena,  indeed,  presented  by  the  newly-born  in&sV 
are  of  a  similar  nature.  The  motions  of  its  bands  and  feet»  the  act 
of  suckling,  and  even  its  cries  and  the  contortions  of  its  iace,  are 
reflex  in  their  origin,  and  do  not  indicate  the  existence  of  aoy 
active  voUtiun,  or  any  distinct  perception  of  external  objects. 
There  is  at  first  but  little  nervous  connection  established  with  tbe 
external  world,  and  the  system  is  as  yet  almost  exclusively  oooo- 
pie<l  with  the  functions  of  nutrition  and  respiration. 

This  preponderance  of  the  simple  reflex  actions  in  the  nerrona 
system  of  the  infant,  is  observable  even  in  the  diseases  to  which  it 
is  peculiarly  subject  for  some  years  after  birth.  It  is  at  this  age 
that  convulsions  from  indigestion  are  of  most  frequent  occurrence, 
and  even  temporary  strabismus  and  paralysis,  resulting  from  the 
same  cause.  It  is  well  known  to  physicians,  moreover,  that  the 
efiect  of  various  drugs  upon  the  infant  is  very  difterent  Crom  tint 
which  they  exert  upon  the  adulU  Opium,  for  example^  is  jtrj 
much  more  active,  in  proportion  to  the  dose,  in  the  infant  than  in 
the  adult.  Mercury,  on  the  other  hand,  produces  salivation  with 
greater  difficulty  in  the  former  than  in  the  latter.  Blisters  excite 
more  constitutional  irritation  in  the  young  than  in  the  old  subject; 
and  antimuny,  when  given  to  children,  is  proverbially  unoertaia 
and  dangerous  in  its  operation. 

The  difference  in  the  anatomy  of  the  newly -bom  infant^  aitd  that 
of  the  adult,  may  be  represented,  to  a  certain  extent,  by  the  fol- 
lowing list,  which  gives  the  relative  weight  of  the  most  importanl 
internal  organs  at  the  period  of  birth  and  that  of  adult  age ;  the 
weight  of  the  entire  body  being  reckoned,  in  each  Gase;  as  1000. 
The  relative  weight  of  the  adult  organs  has  been  calcalAted 
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the  estimates  of  Cruveilheir,  Solly,  Wilson,  &c. :  that  of  the  organs 
in  the  foetus  at  term  from  our  own  observations. 

Wei 


FlSTDR  AT  TnM. 

ADCIT. 

igbt  of  the  entire  body 

.       1000.00 

1000.00 

it       « 

encephaloQ 

148.00 

23.00 

l(           u 

liver  .... 

37.00 

29.00 

«              M 

heart         .        ■        .        , 

7.77 

4.17 

II              M 

kidneya     .        . 

6.00 

4.00 

11              <t 

renal  capsnles  . 

1.63 

0.13 

<(             II 

thyroid  gland    . 

0.60 

0.51 

II             II 

thymas  gland    . 

3.00 

0.00 

It  will  be  observed  that  most  of  the  internal  organs  diminish  ia 
relative  size  after  birth,  owing  principally  to  the  increased  develop- 
ment of  the  osseous  and  muscular  systems,  both  of  which  are  in  a 
very  imperfect  condition  throughout  intra-uterine  life,  but  which 
come  into  activity  during  childhood  and  youth. 

Within  the  first  day  after  birth  the  remains  of  the  umbilical 
cord  begin  to  wither,  and  become  completely  desiccated  by  about 
the  third  day.  A  superficial  ulceration  then  takes  place  about  th.^ 
point  of  its  attachment,  and  it  is  separated  and  thrown  off  within 
the  first  week.  After  the  separation  of  the  cord,  the  umbilicus 
becomes  completely  cicatrized  by  the  tenth  or  twelfth  day  afler 
birth.  (Guy.) 

An  exfoliation  and  renovation  of  the  cuticle  also  take  place 
over  the  whole  body  soon  after  birth.  According  to  Kolliker,  the 
eyelashes,  and  probably  all  the  hairs  of  the  body  and  head  are 
thrown  off  and  replaced  by  new  ones  within  the  first  year. 

The  teeth  in  the  newly-born  infant  are  but  partially  developed, 
and  are  still  inclosed  in  their  follicles,  and  concealed  beneath  the 
gums.  They  are  twenty  in  number,  viz.,  two  incisors,  one  canine, 
and  two  molars,  on  each  side  of  each  jaw.  At  birth  there  is  a  thin 
layer  of  dentine  and  enamel  covering  their  upper  surfaces,  but 
the  body  of  the  tooth  and  its  fangs  are  formed  subsequently  by 
progressive  elongation  and  ossification  of  the  tooth-pulp.  The 
fully-formed  teeth  emerge  from  the  gums  in  the  following  order 
The  central  incisors  in  the  seventh  month  after  birth;  the  lateral 
incisors  in  the  eighth  month ;  the  anterior  molars  at  the  end  of  the 
first  year ;  the  canines  at  a  year  and  a  half;  and  the  second  molars 
at  two  years  (Kolliker).  The  eruption  of  the  teeth  in  the  lower 
jaw  generally  precedes  by  a  short  time  that  of  the  corresponding 
teeth  in  the  upper. 

During  the  seventh  year  a  change  begins  to  take  place  by  which 
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the  first  set  of  teeth  are  thrown  off  and  replaced  by  a  second  or 
permanent  set,  diftering  in  number,  size,  and  shape  from  those 
which  preceded.  The  anterior  permanent  molar  first  shows  itself 
just  behind  the  posterior  temporary  molar,  on  each  side.  Tliis 
happens  at  about  six  and  a  half  years  after  birth.  At  the  end  of 
the  seventh  year  the  middle  incisors  are  thrown  off  and  replaced 
by  corresponding  permanent  teeth,  of  larger  size.  At  the  eighth 
year  a  similar  exchange  takes  place  in  the  lateral  incisors.  In  ihc 
ninth  and  tenth  years,  the  anterior  and  second  molars  are  replaced 
by  the  anterior  and  second  permanent  bicuspids.  In  the  twelfth 
year,  the  canine  teeth  are  changed.  In  the  thirteenth  year,  the 
second  permanent  molars  show  themselves ;  and  from  the  seren- 
teenth  to  the  twenty-first  year,  the  third  molars,  or  "wisdom  teeth," 
emerge  from  the  gums,  at  the  posterior  extreraitiea  of  the  deotai 
arch.  (Wilson.)  The  jaw,  therefore,  in  the  adult  condition,  contains 
three  teeth  on  each  side  more  than  in  childhood,  making  in  oil 
thirty-two  permanent  teeth ;  viz.,  on  each  side,  above  and  below, 
two  incisors,  one  canine,  two  bicuspids,  and  three  permanent 
molars. 

The  entire  gener.itive  appar.atus,  which  i.=i  still  altogether  inactive 
at  birth,  begins  to  enter  upon  a  condition  of  functional  activity 
from  the  fifteenth  to  the  twentieth  year.  The  entire  configuration 
of  the  boily  alters  in  a  striking  manner  at  this  period,  and  the  dis- 
tinction between  the  sexes  becomes  more  complete  and  well 
marked.  The  beard  is  developed  in  the  male;  and  in  the  female 
the  breasts  assume  the  size  and  form  characteristic  of  the  condition 
of  puberty.  The  voice,  which  is  shrill  and  sharji  in  infancy  and 
childliood,  becomes  deeper  in  tone,  and  the  countenance  assumes  a 
more  sedate  and  serious  expression.  After  this  period,  the  nnW' 
cular  system  increases  still  further  in  size  and  strength,  and  the 
consolidation  of  the  skeleton  also  continues ;  the  bony  union  of  ita  ■ 
various  parts  not  being  entirely  accomplished  until  the  twenty-fifth 
or  thirtieth  year.  Finally,  all  the  different  organs  of  the  body 
arrive  at  the  adult  condition,  and  the  entire  process  of  deyelopment 
is  then  complete. 
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Alkalies,  effect  of,  on  orine,  860 
Alkaline  chlorides,  55-68 

phosphates,  61 

carbonates,  60,  61 
Alkaline  fermentation  of  urine,  867 
Alkalescence  of  blood,  due  to  carbonates, 
60 

and  basic  phosphates,  217 
Allantois,  619 

formation  of,  621 

in  fowl's  egg,  624 

function  of,  626 

in  foetal  pig,  641 
Alligator,  brain  of,  898 
Amnion,  619 

formation  of,  620 

enlargement  of,  during  latter  part 
of  pregnancy,  650,  661 

contact  with  chorion,  652 
Amniotic  folds,  620 
Amniotic  fluid,  650 

its  use,  651 

contains  sugar  at  a  certain  period, 
669 
Amniotic  umbilicus,  620 
Analysis,  of  animal  fluids,  48,  49 

of  milk,  98,  838 

of  wheat  flour,  98 

of  oatmeal,  99 

of  eggi",  99 

of  meat,  99 

of  saliva.  111,  113 

of  gastric  juice,  126 

of  pancreatic  juice,  148 

of  bile,  162 

of  blood-globules,  210 

of  blood-plasma,  214 

of  mucus,  830 

of  sebaceous  mat(«r,  882 

of  perspiration,  838 

of  butter,  889 

of  urine,  858 

of  fluid  of  thoracic  duct,  820 

of  chyle  and  lymph,  822 
Andbal  and  Gatabbrt.  production  of 

carbonic  acid  in  respiration,  243 
Animal  functions,  48 
Animal  heat,  247 

in  different  species,  249 

mode  of  generation,  261 

influenced  by  local  causes,  265 

in  different  organs,  266 

(711) 


^^H         712                  ^^^9^"          INDEX.                                                     ^^^1 

^^^H          Animal  heat,  increase  of,  after   section 

Bbbnard.  on  the  influence  of  the  mrrat  ^V 

^^^H                   of  Bympiilhetic  nerve,  MS 

on  local  circulation,  538,  6Z9,  MO             1 

^^^^^^^   Animtil  and  vegetnhle  parasites,  650 

on  the  origin  of  the  BpLiud  iccmeiy         J 

^^^^^K  Animalcules,  infusorial,  547 

nerve.  488                                           ^B 

^^^^^^V          mode  of  production,  548 

BtDDKB  AND  Schmidt,  oo  dailj  qiuuitlty  ^^| 

^^^^^^^  Annulus  ovaliii.  TU<i 

of  bile.  174                                        ^1 

^^^B           Anterior  culuiuna  of  spinal  cord,  392 

on  effect  of  excluding  bile  froot  iB>         J 

^^^B                   their  exciiubiliiy.  410 

testine,  I8l                                          ^^ 

^^^^H            Aorta,  development  uf,  dW 

on  reabsurption  of  bile,  182             ^^M 

^^^^M            Aplasia,  nervuiis  »<jgteoi  of,  386 

Bile.                                                      ^^^B 

^^^H           Appetite,  disturbed  by  nnxiely,  &o.,  138 

composition  of,  162                       ^^^^^M 

^^^^B                   neceatiary  to  digi.'!<lion  of  food,  138 

tests           170                                   ^^^^^1 

^^^H           Aquatic  respiration,  226 

daily  quantity  of.  174                          ^^M 

^^^H           Arch  uf  aorta,  fornialion  of,  690 

quantity  discharged  after  eftting.  171  ^^M 

^^^^H           Arcben,  cervical,  liS9 

functions  of,  170                                     ^^H 

^^^H                   triinxformation  of,  690 

reaction  with  gastric  jme*^  179       ^^M 

^^^H          Area  pelluoidii,  UIO 

reabsorplion,  182                          ^^^^^t 

^^^H                   Tui<culo9a,  623,  G8>S 

nio<l«        secretion,  311                ^^^^B 

^^^H           ArterieH,  270 

the  foeius.  6G9                            ^^^^^M 

^^^H                  nroiion  of  blood  in,  277 

Biliary  saltii,  IGS                                 ^^^^B 

^^^B                   pulMition  of.  278 

human  bile,  169                      ^^^^B 

^^H                   elusticitj  of.  277,  281 

Biliverdinc.  88.  162                            ^^^H 

^^^H                  rapidity  of  circulation  in,  286 

tests          170                                   ^^^^B 

^^^H                  oni(rtialo- mesenteric,  686 

passage  into  tbe  urine,  863 

^^^^H                                             liB7 

BiBOHorr,  on  daily  qu&nlitj  of  urea,  149 

^^^H                    iimbilicul.  089 

on  entrance  of  spennatosQs  into  tbe 

^^^^1           ArterJnl  pressure,  28-!> 

interior  of  the  egg,  680 

^^^H           Arterial  .tjHtcm,  development  of.  089 

on  rupture  of  Graafian  foUidt  ia    ^— 

^^^H          Articulaia,  nervous  system  of,  887 

menstruation.  692                                ^B 

^^^H                   reflex  action  in,  '6SS 

Blastodermic  membrane,  608               ^^^B 

^^^H           Articulation  of  tapeworm,  659 

Blood.  206                                             ^^^B 

^^^H           Arytenoid  cartilages.  284 

red  globules  of,  205                     ^^^^^| 

^^^H                  movements  of,  234 

white  globules,  212                        ^^^^| 

^^^H          AsBiniilation.  820 

^^^^^1 

^^^H                   destructive,  345 

coagnlntiun  of,  217                      ^^^^B 

^^^^B           Auditory  apparatus,  622 

entire  •|uaiitily  of,  223                        ^^M 

^^^1                  nerves,  40t),  521 

alterations  of,  in  rcspiratl«a,  9^^^^B 

^^^1           Auricle,  single,  of  fish,  260 

temperature  of.  248                      ^^^^B 

^^^H                  double,  of  reptiles,  birds,  and  mam- 

in  different  organs,  256            ^^^^^| 

^^^1                                       2i>I,  262 

circulation  of,  259                                 ^^H 

^^^^H                   contraction  of,  275 

through  the  heart,  265                ^B 

^^^H           Aurictilo-rent  riculur  valre*,  action  of,  264 

through  the  arteries.  276            ^^| 

^^^H          Axie-cy Under,  of  nervous  filaments,  37u, 

thnnigh  the  veins.  290                  ^B 

^^B 

til  rough  the  capillaries.  29^         ^B 

^^H           Axtec  children,  4?S 

BousBiROAiiLT.  on  chloHdc  of  sodmm  ia  ^H 

^^^H           AiygouB  veins,  formation  of,  694 

food.  67                                                V 

on  internal  production  of  (kt»  7B             1 

^^^B           Baxt,  on   the  rapidity  of   the   nervoua 

Brain.  392,  430                                        J 

^^B                                 408 

of  alligator,  392                            ^^^^M 

^^^H          Beacmont,   Dr..  experiments  on  Alexia 

rabbit,                                        ^^^B 

^^H                        St.  Marliu,  ]2R,  l.TJ.  134 

human,  897,  480                            ^^^H 

^^^H           BsBNARU,  on  the  difforcnt  kinds  of  saliva, 

remarkable  oaaea  of  iajiury  tOk  WL  ^B 

^^B 

433                                                    H 

^^^H                  on  effect  of  dividing  Steno's  duct,  1 1 8 

Bizo  of,  in  different  raflea,  4J7          ^^| 

^^^H                  on  digestion  of  fat  in  intestine,  142 

in  idioU,  438                          ^^^H 

^^^H                   on    formation   of   liver-sugar,    186, 

development  of;  658i,  659            J^^^H 

^^B 

BranohisB.                                             ^^^H 

^^^H                  on  variable  action  of  poisons.  223 

of  meno-brancbus.  220               ,^^^^B 

^^^^1                  on  deoompositioa  of  bicarbonates  in 

Broad  liganicnls,  formation  of^  M^^^^^^B 

^^B 

Bronchi,  division  of.  227,  22&           i^^^^^H 

^^^1                  on  It'mperatnre  of  blood  in  different 

ciliary  motion  in,  282                 ^^^^^M 

^^^B                       organs,  256 

■ 
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BaowN-SliQUAaD,  on  oroseing  of  BensitiTe 
fibres  in  spinal  cord,  418 
on  disappearance  of  fibrin  in  lirer 

and  kidneys,  222 
on      transmission      of     sensibility 
through  spinal  oord,  416 
Brnnner's  glands,  140 
Batter.  76,  98,  338 

composition  of,  839 
condition  in  milk,  76,  838 
Butyrine,  839 

Canals  of  Cuvier,  692 
Capillaries,  295 

their  inosculation,  295 
motion  of  blood  in,  296 
Capillary  circulation,  295 
causes  of,  298 
rapidity  of,  300 
local  variations  in,  303,  588 
peculiarities  of,  in  different  parts, 
807 
Caput  coli,  formation  of,  665 
Carbonic  acid,  in  the  breath,  285 

proportion  of,  to  oxygen  absorbed, 

235,  236 
in  the  blood,  237 
origin  of,  in  lungs,240 
in  the  blood,  241 
in  the  tissues,  241 
mode  of  production,  242 
daily  quantity  of,  243 
Tariations  of,  244 
in  the  urine,  246 
exhaled  by  skin,  246 

by  egg,  during  incubation,  625 
absorbed  by  vegetables,  26 
Carbonate  of  lime,  60 
of  soda,  60 
of  potassa,  61 

of  ammonia,  in  putrefying  nrine, 
367 
Cardiac  circulation,  in  foetus,  702 

in  adult,  264,  705 
Carnivorous  animals,  respiration  of,  84, 
236 
urine  of,  851 
Cartilagine,  87 
Caseine,  85 
Cat,  secretion  of  bile  in,  174 

closure  of  eyelids,  after  dlTision  of 
sympathetic,  535 
Catalytic  action,  88 
of  pepsin,  130 
Centipede,  nervous  system  of,  887 
Centre,  nervous,  definition  of,  883 
Cerebrum,  432.     See  Hemispheres. 
Cerebral  ganglia,  886,  482.     See  Hemi- 
spheres. 
Cerebellum,  448 

effects  of  injury  to,  444 
removal  of,  444,  448 


Cerebellum,  fanotion  of,  448 
development  of,  658,  659 
Cerebro-spinal  system,  889,  890 

development  of,  657 
Cervix  uteri,  572 
in  foetus,  688 
Cervical  arches,  689 

transformation  of,  690 
Changes,  in  egg  while  passing  through 
oviduct,  567,  569 
in  hepatic  circulation  at  birth,  697 
in  comparative  size  of  organs  after 
birth,  709 
Chxvyxav,  experiments  on  rapidity  of 

the  arterial  current,  288 
Chitreuil,  experiments  on  imbibition, 

814 
Chick,  development  of,  622 
Children,  Aztec,  439 
Chloride  of  sodium,  66 

its  proportion  in  the  animal  tissues 

and  fluids,  66 
importance  of,  in  the  food,  66 
mode  of  discharge  from  the  body,  58 
partial  decomposition  of,  in  the  body, 
68 
Chloride  of  potassium,  68 
Cholesterin,  162 
Chorda  dorsalis,  611 

Chorda  tympani,  influence  of,  on  circu- 
lation in  submaxillary  gland,  540 
on  the  sense  of  taste,  502 
Chordae  vocales,  movement  of,  in  respi- 
ration. 234 
action  of,  in  the  production  of  vocal 

sounds,  478 
obstruction  of  glottis  by,  after  divi- 
sion of  pneumogastrio,  480 
Chorion,  formation  of,  628 
villosities  of,  680 
source  of  vascularity  of,  681 
union  with  decidua,  689 
Chyle,  75,  141,  154,  822 
in  lacteals,  158 
absorption  of,  164 

by  intestinal  epithelium,  166 
in  blood,  169 
Ciliary  motion,  in  bronchi,  282 

in  Fallopian  tubes,  698 
Ciliary  nerves,  688 
Circulation,  259 

in  the  heart,  266 
in  the  arteries,  276 
in  the  veins,  290 
in  the  capillaries,  295 
local  variations  of,  808 

modified  by  nervous  influence,  688 
rapidity  of,  800 
peculiarities  of,  in  different  parts, 

807 
in  liver,  842 
in  placenta,  641,  646 


^^H                                                                          INDEX.                    ^^^^^^^^^^^H 

^^^B          Circulatory  apparatus,  development  of. 

Corpus  luloum,  three  weeks  after  mro"  ^H 

^^H 

siruuiion,  r>l).S.                                         ^B 

^^^B           CiTilization,    aptitude   for^   of   different 

four  weeks  after  tnenstruaiinB,  1^9   ^B 

^^^H                                    43ti 

nine  weeks  afler  nien^rruation.  liYi 

^^^B           Clarke,  J.  L.  Esq.,  on  decussalioa  of 

at   end  of  second    mouth    of  pr*g-        i 

^^^^1               anterior  pyramids,  895 

nancy,  G02                                            ^B 

^^^1          Classification  of  cranial  nerres,  461 

at  end  of  fourth  montk,  C02              ^H 

^^^H           Clot,  formation  of,  217 

at  term.  COS                                            ^H 

^^^H                    separation  from  scrum,  218,  210 

disappearance  of,  after  delivery,  fiW         J 

^^^B                  composition  of,  219 

Corpora  Malpigbinna,  of  Bpl««a,  S^l      ^^ 

^^^H           Coagulation,  83 

Corpora  atrirtta,  432                                        ^^M 

^^^^_            of  fibrin,  215 

Corpora  olivaria,  895                                    ^^B 

^^^^H        of 

Corpora  Wolffiuna.  ti76                                        1 

^^^^^^f           of  medullary  layer,  in  nerre-fibres, 

CosTit.  on  rupture  of  Or»afi*n  foDiel«ia         J 

^^^^^ 

menstrual  ion,  592,  593                             ^^H 

^^^H           CoLiir,  on  unilateral  tnaatication,  114 

Cranial  nerves,  459                                         ^^B 

^^^H                  on  the  daily  quantity  of  cliylo,  in  tlio 

classification  of,  461                    ^^^^B 

^^B 

^^^^^1 

^^^B          Cold,  resistance  to,  by  animah,  247 

sensitive.  462,  468                       ^^^H 

^^^1                   effect  of,  when  long  coutiuued,  248 

^^^^H 

^^H          Colostrum,  337 

(Jreaiiuino,  3o2                                       ^^^^^1 

^^^H           Coloring  matters,  87 

Cremaster  muscle,  formation  <>f.  I^9^|^^^| 

^^m                 of  blood.  87,  210 

function  of.  in  lonvr  anim*!*,  ^fM^^^M 

^^H                   of  the  skin,  SB 

Crystals,  of  stearine.  72                    ^^^^^H 

^^B                   of  bile,  88.  102 

and  margarine,  73                 ^^^^H 

^^H                   of  urine,  89.  336 

of  cbolesterin.  103                        ?l^^l 

^^^^1          Commissure,  of  spinal  cord,  gray,  801 

of  glyko-cholate  of  8o<i»,  164,  MQ^^| 

^^^H                               391 

of  biliary  nialttirs  of  dog's  bllai  Hf^^ 

^^^H                   transverse,  of  cerebrum,  898 

of  biliary  matters  of  htuaaa  bile,  IM 

^^H                  of  cerebellum,  .308 

of  urea,  347                                            ^i 

^^^H           Commissures,  nervous,  384 

of  Creatine,  Sol                                         ^^B 

^^H                 olfactory,  S»:),  481 

of  creatinine,  352                           ^^^^B 

^^^H          Congestion,  of  ear,  &c.,  after  division  of 

of  urate  of  sn^la^  853                    ^^^^^| 

^^^^B                    sympathetic,  538 

acid,  8>J0                              ^^^^B 

^^^H           Consentaneous  action  of  muscles,  443 

of  oialoic  of  lime,  SM                  ^^^^^ 

^^^H          Contact,  of  chorion  and  amnion,  (151 

of  triple  pliusphatc,  3(i8 

^^^B                  of  decidua  vera  and  reflexa,  002 

Cryslallizable  subetanccs  of  orgMiic  ati' 

^^^B           Contraction  of  stomach  during  digestion, 

gin,  U3 

^^B                       132 

Crossing  of  fibres  in  medulU  obloacaU, 

^^B                 of  spleen.  201 

39o.  417                                                 ^B 

^^H                 of  blociii-clut,  218 

of  sensitive  fibres  in  spinal  eord,  <18  ^H 

^^^H                  of  diaphragm  and  intercostal  mus* 

of  fibres  of  optic  nerves.  4Gtl,  4ol       ^^M 

^^H 

of  streams  of  blood  in  rortal  heart,    ^H 

^^^B                  of  posterior  crico-arytenoid  muscles, 

7U1,  702                                                  ^B 

^^m 

CtttTttCsuAKiK,  rupture  of  Graafian  foltieh    ^H 

^^^B                 of  ventricles,  270 

in  menstruation.  592                          ^^M 

^^H                 of  muscles  after  death,  399,  400 

Cumulus  pruligerus,  687                               ^^M 

^^^B                 of  sphincter  aui,  427 

Cutaneous  respiration,  246                         ^H 

^^^B                  of  rectum,  427 

perspirniion,  332                                       ^^| 

^^^B                  of  urinary  bladder,  428 

Cuticle,  exfoliation  of,  after  birth,  709        ^H 

^^^1                 of  pupil,  under  lofluenca  of  light. 

Cysticercus,  556 

^^P                     373,  440,  516 

transformation  of,  into  tania.  666 

^^^                   after  division  of  sympathetic,  535 

production  of,  from  eg**  of  l*&k. 

B                 Convolvulus,  sexual  apparatus  of,  uo8 

657                                                               1 

B                 Cooking,  effect  of,  on  food,  100 

^ 

B                 Cord,  spinal,  390.  410 

DsAV,  Jniix,  M,  D.,  on  the  origin  of  the    ^H 

B                          umbilical,  651 

fifth    and    sixth    pair*  of  craiual    ^H 

■                               witherisg  and  separatioa  of,  709 

nerves,  4C4                                             ^^M 

B                 Corpus,  callosum,  398 

on   the    origin    of   Ibe   hjpoglosaal     ^H 

H                   Corpus  luteum,  aO& 

nerve,  491 

B                         of  menstruation,  596 

Death,  a  neceraary  eonaeqaeiio*  of  Uftak 

^^^v                   of  pregnancy,  GOO 

644                                             ^^^ 
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Decidua,  684 

▼era,  686 

reflexa,  G38 

union  with  chorion,  639 

its  discharge  in  cases  of  abortion, 
638 
at  the  time  of  delirery,  668 
Decussation,  of  anterior  columns  of  spi- 
nal cord,  395,  417 

of  sensitive   fibres,    in  the    spinal 
cord,  418 

of  oplic  neryes,  450,  451 
Degeneration,  fatty,  of  muscular  fibres 

of  uterus,  after  delirery,  656 
Deglutition,  119 

retarded  by  division  of  Steno's  duct, 
118 
by  division  of  pneumogastric, 
477 
Dentition,  first,  709 

second,  710 
Descent,  of  the  testicles,  678 

of  the  ovaries,  681 
Destructive  assimilation,  345 
Development,  of  impregnated  egg,  606 

of  allantois,  621 

of  chorion,  628 

of  villosities  of  chorion,  629,  680 

of  deoidua,  634 

of  placenta,  641 

of  nervous  system,  667 

of  eye,  660 

of  ear,  661 

of  skeleton,  661 

of  limbs,  662 

of  integument,  668 

of  alimentary  canal,  613,  664 

of  urinary  passages,  666 

of  liver,  669,  695 

of  pharynx  and  oesophagus,  670 

of  face,  671 

of  Wolffian  bodies,  676 

of  kidneys,  676 

of  internal  generative  organs,  677 

of  circulatory  apparatus,  686 

of  arterial  system,  689 

of  venous  system,  692 

of  hepatic  circulation,  695 

of  heart,  698 

of  the  body  after  birth,  707 
Diabetes,  368 

in  foetus,  669 
Diaphragm,  action  of,  in  breathing,  229 

formation  of,  671 
Diaphragmatic  hernia,  671 
Dicrotic  pulse,  284 
Diet,  influence  of,  on  nutrition,  94 

on  products  of  respiration,  286 

on  formation  of  urea,  849 
of  urate  of  soda,  353 
Diffusion  of  gases  in  lungs,  282 
Digestion,  102 


Digestion,  of  starch,  188 

of  fats,  141 

of  sugar,  188 

of  organic  substances,  129 

time  required  for,  184 
Digestive  apparatus,  of  fowl,  104 

of  ox,  105 

of  man.  106 
Discharge  of  eggs  from  ovary,  566,  667 

independent  of  sexual  intercourse, 
585 

mechanism  of,  588 

during  menstruation,  692 
Discus  proligerus,  587 
Distance  and  solidity,  appreciation  of, 

by  the  eye,  516,  617 
Distinction  between    corpora    lutea  of 

menstruation  and  pregnancy,  605 
Diurnal  variations,  in  exhalation  of  car- 
bonic acid,  246 

in  production  of  urea,  849 

in  density  and  acidity  of  urine,  867 
Division,  of  nerves,  877 

of  heart,  into  right  and  left  cavities, 
698 
DoBsoN,  on  variation  in  size  of  spleen,  200 
DoNDERS,  on  accommodation  and  refrac- 
tion of  the  eye,  512 
Drapes,  John  C,  onproduction  of  urea, 

849  "~*^ 

Drugs,  effect  of,  on  newly  bom  infant, 

708 
Ductus  arteriosus,  699,  702 

closure  of,  699,  700 

venosus,  696 

obliteration  of,  697 
Duodenal  glands,  140 

fistula,  176 
DtTTROCHET,  on  temperature  of  plants,  260 

on  endosmosis  of  water  with  differ- 
ent liquids,  812 

Ear,  620 

muscular  apparatus  of,  621 

development  of,  661 
Earthy  phosphates,  58,  61 

in  urine,  859 

precipitated  by  addition  of  an  alkaU, 
360 
Ectopia  cordis,  671 
Egg,  562 

its  contents,  668 

where  formed,  564 

of  frog,  665,  666 

of  fowl,  667 

changes  in,  while  passing  through 
the  oviduct,  668 

5 re-existence  of,  in  ovary,  688 
evelopment  of,  at  period  of  puberty, 
684 
periodical  ripening  and  discharge, 
586 
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Egg,  discharge  of,  from  Graafian  follicle, 

688 
impregnatioii  of,  how  accomplished, 

578 
development  of,  after  impregnation, 

of    fowl,    showing   area  Tasculosa, 

623,  am 

ditto,  showing  formation  of  allantoia, 

r.24 
of  fish,  showing  Titelline  oiroulation, 

tarn 

attachment   of,  to  uterine    muoong 
membrane,  637 

dii<cliarge   of,  from   uterua,  at   the 
time  of  delivery,  C63 

condition  of,  in  newly  bom  infant, 
G83 
Elaslicii^S  of  spleen,  201 

of  red  globules  of  blood,  208 

of  lungs,  2-28.  230 

of  costal  cartilages,  230 

of  vocal  cordu.  234 

of  arteries,  277 
Electrical  current,  effect  of,  on  muscloa, 
400 

on  nerve,  402 

differciit  effects  of  direct  and  inTerse. 
405 
Electrical  fishes,  phGnomenn  of,  409 
Elevation  of  temperature,  after  division 

of  »yrn pathetic,  538 
Elongniiciii  of  heart  in  putsation,  270 

aDatomical  causes  of,  271 
Embryo,  formation  of,  606,  609 
Embryonic  spot,  GIO 
Enccpbalan,  :192,  430 

ganglia  of,  .".93 
Endosmosis,  309 

of  fatty  aubstanees.  164 

in  capillary  circulation,  816 

condilioas  of,  310 

cauye  of.  ;nS 

of  iodide  of  potassium,  81& 

of  airopiiip.  >!16 

of  nux  Tomicii,  316 
Endoamometer.  SIO 

Enlargement  of    amnion,  during  preg- 
nancy, 050 
Entoioa,  encysted,  552 

mode  of  production,  bb4 
Epithelium,  in  ttalira,  111 

of  gasiric  follicles,  121 

of  intestine,  during  digeBtion,  145 
Epiderniia,  exfoliation  of,  after  btrlh,  709 
Epididymis,  670 
Excreline,  148 
Excretion,  345 

nature  of,  345 

importance  to  life,  846 

products  of,  847 

by  placenta,  648 


Excrementitious  aabstancea,  t4i,  i 

mode  of  formation  oC  S46 

effect  of  retention  of.  844 
Exfoliation  of  cuticle,  after  birtb,  TM 
Exhalation,  309 

of  watery  vapor.  56 

from  the  lunga.  235 

from  the  ekin,  246,  838 

from    the    egg,   during   iaeabaiioa 
626 

of  carbonic  acid.  236v  1287,  246 

of  nitrogen,  285 

of  atnmal  vapor,  236 
Exhaustion,    of    muacle*,   bj 
irritation,  401 

of  nerves,  by  ditto,  408 
Exosmosis,  300 
Expiration,  movement*  oC,  280 

after  section  of  pnt-i  ' 
Extractive  matters  of  Ih. 
Eye,  protection  of,  by  Mmv^,^. ,....;  vf  f% 
pil.  373.  449.  616 

by  two  sets  of  muaclea,  fiS4 
Eyeball,  iiiflanimaiion  ot,  mSter  diviaiM'^ 
of  filth  pnir,  idS 

developinrni  of,  OtjO 
Eyelids,  formation  of,  661 

Face,  sensitive  nerve  of,  464 

motor  nerve  of,  409 

development  of,  671 
Facial  nerve,  469 

eensibilily  of,  472 

influence  of.  on  mnaculw  kpparata 
of  eye.  471 

of  nose,  471 

of  ear,  471 

paralysis  of,  471 
Fallopian  tubes,  571 

formation  of,  081.  662 
Farinaceous  eubstancea.  68 

in  food,  64,  92.  98 

digestion  of.  188 
Fat,  absorption  of.  164 

decomposition  of,  in  th«  blood,  IM, 
159 
Fata,  71 

proportion  of,  in  different  kindaaf 
food.  73 

condition  of,  in  the  Tarioni  i 
and  fluids,  74 

internal  source  of,  78 

decomposed  in  the  body.  79 

indispensable  as  ingredieoU  of  ik* 
food,  93 
Fatty  matters  of  the  blood.  216 
Fatty  degeneration,  of  decidun,  tbi 

of  muKcular  fibres  of  Dt«tiM, 
delivery,  656 
Feces,  148 

Fecundation,  neeeaaary  oondiUonaoC  i 
FxHUXO^s  test  for  sugnr,  69 
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female  generative  organs,  664 
of  frog,  565 
of  fowl,  660 
of  sow,  671 
of  human  species,  672 
derelopment  of,  681 
Fermentation,  84 
of  sugar,  70 
aoid,  of  urine,  866 
alkaline,  of  ditto,  867 
Fibrin,  86 

of  the  blood,  216 
coagulation  of,  216 
varying  quantity  of,  in  blood  of  dif- 
ferent veins,  216 
disappearance  of,  in  liver  and  kid- 
neys, 216,  222 
Filth  pair  of  cranial  nerves,  464 
its  distribution,  466 
division  of,  paralyzes  sensibility  of 

face,  467 
and  of  nasal  passages,  468 
prodaces  inflammation  of  eyeball,  468 
lingual  branch  of,  469 
large  root  of,  464 
small  root  of,  466 
Fish,  circulation  of,  260 

formation  of  umbilioal  vesicle  in,  616 
vitelline  circulation,  in  embryo  of^ 

686 
electrical  phenomena  of,  409 
Fissure,  longitudinal,  of  brain  and  spinal 
cord,  890 
formation  of,  660 
Fissure  of  palate,  674 
Fistula,  gastric.  Dr.  Beaumont's  case  of, 
128 
Prof.  Schmidt's  ease,  127    . 
mode  of  operating  for,  128 
duodenal,  176 
Flint,  Prof.  Austin,  on  first  sound  of 

heart,  268 
Fliht,  Prof.  Austin,  Jr.,  steroorine,  in 
contents  of  l«*ge  intestine,  148 
cholesterin,  in  bloo4  of  jugular  vein, 
168 
not  discharged  with  the  feces,  168 
effects  of  biliary  fistula,  182 
sugar  in  blood  of  hepatic  vein,  197 
experiments  on  increase  of  urea  by 
exercise,  860 
Foetal  circulation,  first  form  of^  686 

second  form  of,  687 
Follicles,  of  stomach,  120 
of  Lieberkiihn,  189 
of  Brunner's  glands,  140 
Graafian,  564 
of  uterus,  686 
Food,  91 

composition  of,  98,  99 
daily  quantity  required,  99 
effect  of  cooking  on,  100 


Foramen  ovale,  700 

valve  of,  704 

closure  of,  704,  706 
Force,  nervous  rapidity  of,  407 

nature  of,  408 
Formation  of  sugar  in  liver,  186 

in  foetus,  669 
Fossa  oTali8,706 
Functions,  animal,  48 

vegetative,  42 

of  teeth,  108 

of  saliva,  116 

of  gastric  juice,  128,  &o. 

of  pancreatic  juice,  144 

of  intestinal  juices,  188 

of  bile,  179 

of  spleen,  202 

of  mucus,  881 

of  sebaceous  matte^  882 

of  perspiration,  884 

of  the  tears,  886 

Galvanism,  action  of,  on  muscles,  400 

on  nerves,  402 
Gai^lion,  of  spinid  cord,  891,  422 

of  tuber  annulare,  896,  462 

of  medulla  oblongata,  893,  896,  458 

Gasserian,  466 

of  Andersch,  478 

pneumogastrio,  476 

ophthalmic,  £29 

spheno-palatine,  608,  629 

submaxillary,  629  / 

otic,  680 

semilunar,  681 

impar,  531 
Ganglionic  system  of  nerves,  889, 629 
Ganglia,  nervous,  888 

of  radiata,  884 

of  mollusca,  886 

of  articulata,  887 

of  posterior  roots  of  spinalnerves,  892 

of  alligator's  brain,  898 

of  rabbit's  brain,  894 

of  medulla  oblongata,  895 

of  human  brain,  897 

of  great  sympathetic,  629 

olfactory,  898,  481 

optic,  898.  448 
Gases,  diffusion  of,  in  lungs,  282 

absorption   and  exhalation  of,  by 
lungs,  286 
by  the  tissues,  241 
Gastric  follicles,  121 
Gastric  juice,  mode  of  obtaining,  124, 125 

composition  of,  126 

its  action  on  food,  129 

interference  with  Trommer's  test, 
181 

interference  with  action  of  starch 
and  iodine,  182 

daily  quantity  of,  184 
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Outric  juice,  solvent  action  of,  on  Atom- 

acb,  after  death,  137 
Gelfttine,  how  proiiuceil,  48 

effect  of  feeding  animals  on,  96 
Qeneration,  544 

spoutAneous,  645 
of  infusoriu,  &47 
of  parasites,  650 
of  eucysied  euloxoa,  652 
of  tnnia,  &54 
aexgal,  by  germs,  &o8 
Oerm,  nature  of,  5u8 
Germination,  heal  produced  in,  260 
Geriiiinative  Tegicle,  563 

disappearance  of,  in  ra&ture  egg,  606 
Oerminativo  spot,  503 
Gills,  of  fish,  2:>r) 

of  menobrnnchus,  226 
Glands,  of  Dnmnor,  140 
meseuleric,  107 
▼nacuhir.  -02 
Meibomian,  SM 
perspiratory,  832 
nctioa  of.  in  secretion,  827 
Glandulse  aoliiarite  and  agtniuatee,  149 
Globules,  of  blood,  205 
red,  205 

different  nppearances  of,  under 

microscope,  20ti,  207 
tuuiual  adhesion  of.  207 
oolor,  coDsistonoy,  and  structure 

of,  208 
action  of  water  on,  209 
compoaiiion  of,  210 
size,  Jcc, in  different  animals,  21 1 
wkile,  212 

action  of  acetic  acid  on,  212 
red  and  white,  tnoreuicnt  of,  in 
circulutiou,  297 
Globuline,  86.  210 
Glomeruli,  of  WulfEnn  bodies,  676 
Glossopharyngeal  nerve.  473 

action  of,  in  swallowing,  474 
Glottis,  ttiovemenis  of,  in  respiration,  28S 
in  formation  of  voice,  478 
closure  of,  after  section  of  pneumo- 
gttstrics,  4S0 
Gluten,  in  wheat  flour,  98 
Glycine.  167 
Glyco-ciiolio  acid,  166 
Qlyco-cholale  of  soda,  166 

its  crystallizaliuti.  \tii,  165 
Glycogenic  function  of  liver,  186 

in  foetus,  6(j9 
Glycogenic  matter,  liH) 

its  conversion  into  sugar.  191 
GosBELiN,  experiments  on  imbibition  by 

cornea,  316 

Graafian  rollicles,  664.  687 

structure  of,  587 

rupture  of.  and  discbarge  of  egg,  588 
ruptured  diiring  menstruation,  502 


Graafian  follicles,  condition  of.  im 

at  term,  683 
Gray  substance,  of  nervoua  ajfltcm,  SB 

of  spinal  cord,  800 

of  brain,  397 

its  want  of  irritability,  480 
Great  sympathetic,  529 

anatomy  of,  6W 

sensibility  and  excitability  of.  SISt 

connection  of,  with  special 
633 

division  of,  influence  on  ""i^-f 
688 

on  the  circulation.  &S7 

on  pupil  and  eyelids,  685 

reflex  actions  of,  540 
Gtibernoculum  testis,  679 

fuMCCion  of,  in  lower  animala,  489 
Gustatory  nerves,  467,  469,  478 


H 


Hammond,  Prof.  Wm.   A.,  on  rffMts  tt 
non-niirogeiious  diet,  94 

on  produclioD  of  urea,  M9 
Hairs,  formation  of,  in  embrjo* 
Hare-lip,  673 
Hauley,  on  the  appearance  of 

the  liver,  192 
Habvey,  on  motions  of  h«art,  270,  275 
Hearing,  sense  of.  519 

apparatus  of,  522 

analogy  of,  with  touoli,  525 
Heart,  260 

of  fish,  260 

of  reptiles,  261 

of  mammalians,  262 

of  man.  263 

circulation  of  blood  through,  266 

Bounds  of,  265 

movements  of,  268 

impulse,  270,  274 

development  of,  671,  608 
Heat,  vital,  of  animals,  247 

of  plants.  250 

how  produced.  251 

increased  by  division  of  aympathetifl 
nerve,  588 
Hblmboltz,  on  rapidity  of  ncrroasfofM, 

407 
llematine,  87,  2I0 
Hemispheres,  oorebraU  MS 

remarkable  oases  of  iajorr  to 
433 

effect  of  removaL  on  : ' 

effect  of  UiseaAC,  in  i 

comparative    site    ol,    >u    uidcrvat 
races,  437 

functions  of.  438 

development  of.  i»68 
Hemorrhage,  from  plaoenla,  io 

lion,  653 
Hepatic  circulation.  841 

development  of,  096 
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HerbiTorous  animals,  respiration  of,  84, 
286 
arine  of,  851,  858 
Hernia,  congenital,  diaphragmatic,  671 
umbilical,  666 
inguinal,  681 
Hippnrate  of  soda,  868 
Honey,  composition  of,  68 
Hunger  and  thirBl,  continue  after  diTi- 

sion  of  pneumogastric,  486 
Hydrogen,  displacement  of  gases  in  blood 
by,  238 
exhalation  of  carbonic  acid  in  an 
atmosphere  of,  242 
Hygroscopic  property  of  organic  sub- 
stances, 82 
Hypoglossal  nerre,  491 

Imbibition,  809 

of  liquids,  by  different  tissues,  814 

by  cornea,  experiments  on,  815 
Impulse,  of  heart,  270,  274 
Infant,  newly  born,  characteristics   of, 

707 
Inflammation  of  eyeball,  after  division 

of  fifth  pair,  468 
Infusoria,  647 

different  kinds  of,  648 

conditions  of  their  production,  649 

Wyman's  experiments  on,  649 
Inguinal  hernia,  congenital,  681 
Injection  of  placental  sinuses  from  tcs- 

sels  of  uterus,  647 
Inorganic  substances,  as  proximate  prin- 
ciples, 53 

their  source  and  destination,  62 
Inosculation,  of  Teins,  291,  298 

of  capillaries.  296 

of  nerves,  377 
Insalivation,  110,  117 

importance  of,  118 

function  of,  119 
Inspiration,  how  accomplished,  229 

movements  of  glottis  in,  233 
Instinct,  nature  of,  467 
Integument,  respiration  by,  246 

development  of,  663 
Intellectual  powers.  436,  &o. 

in  animals,  458 
Intestine,  of  fowl,  104 

of  man,  106 

juices  of,  188 

digestion  in,  188-14? 

epithelium  of,  155 

disappearance  of  bile  in,  178,  182 

development  of,  618,  664 
Intestinal  digestion,  188 
Intestinal  juices,  138,  141 

action  of,  on  starch,  188 
Involution  of  uterus  after  delivery,  665 
Iris,  movements  of,  878,  449,  616,  683 

after  division  of  sympathetic,  585 


Irritability,  of  gastric  macous  membrane, 
124 
of  the  heart,  271 
of  muscles,  400 
of  nerves,  402 

Jaoxsoh,  Prof.  Samuel,  on  digestion  of 

fat  in  intestine,  142 
Jaundice,  162 

yellow  color  of  urine  in,  868 

Kidneys,  peculiarity  of  circulation  in, 
805,  806 
elimination  of  medicinal  substances 

by,  868 
formation  of,  676 
KoscHLAKOFF,  verification  of  the  sphyg- 

mograph,  284 
KuoHBNMEiSTBR,  experiments  on  produc- 
tion of  taenia  from  cysticercus,  666, 
557 
of  cysticercus  from  eggs  of  taenia, 
657 

Lachrymal  secretion,  886 

its  function,  886 
Lactation,  886 

variations  in  oomposition   of  milk 
during,  887 
Lacteals,  166,  168,  821 

and  lymphatics,  158 
Larynx,  action  of,  in  respiration,  288 
in  formation  of  voice,  478 
nerves  of,  476,  477 
protective  action  of,  479 
Lassaione,  experiments  on  saliva,  119 

analysis  of  lymph,  820 
Layers,  external  and  internal,  of  blasto- 
dermic membrane,  608 
Lead,  salts  of,  action  in  distinguishing 

the  biliary  matters,  169 
LxaitANii,  on  formation  of  carbonates  in 
blood,  60 
on  total  quantity  of  blood,  224 
on  effects  of  non-nitrogenous  diet, 

94 
On  disappearance  of  fibrin  in  liver 
and  kidneys,  222 
Lens,  crystalline,  action  of,  609 
Lkuokast,  on  production  of  cysticercus, 
557 
of  Trichina  spiralis,  657 
LiiBio,  on  absorption  of  different  liquids 

under  pressure,  812 

Ligament,  of  the  ovary,  formation  of,  682 

round,  of  the  uterus,  682 

broad,  of  the  uterus,  682 

Limbs,  formation  of,  in  frog,  614 

in  human  embryo,  662 
Lime,  phosphate  of,  58 

in  the  tissues  and  fluids,  68,  59 
in  the  food,  60 


^^M                         ^^^V                              ^^^^^^^^^H 

^^^H             Lime,  carbonate  of,  r>0 

Meconium,  668                                     ^^^^| 

^^^H                      oxalate  of,  in  urine,  8G0 

Medulla  oblongata.  896,  458            ^^^H 

^^^^1             Lirer,  Tusculnrity  of,  3-11 

ganglia  of,  396,  897                   ^^^H 

^^H                     lobuleH  of,  341,  842 

reflex                      454                    ^^^^^| 

^^^K^^             secreting  cella,  343 

effect  of  destroying,  456          ^^^^H 

^^^^^^L            formaiiuu  of  sugar  in,  186 

development  of,  058                    ^^^^H 

^^^^^^H            congestion  of,  at^er  feeding,  198 

MedulUrr  layer,  of  nervoas  filaaMhL^H 

^^^^^              (leTelopment  of,  U60,  tlU5 

2^H 

^^H^            LiTer-celLs.  843 

Meibomian  glands,  881                     ^^^^H 

^^^^B                     their  action  in  secretion,  344 

Melaninc.  88                                       ^^^H 

^^^^B             LLver-eugar,  formation  of,  1 86 

Membrane,  blasloderiDic,  <VW           ^^^^H 

^^^^^^^             its  accumulation   after  death,  189, 

Membrana  granulosa,  687                ^^^^H 

^^^^K 

Membrana  tympani,  action  of.  630          ^H 

^^^^^H            ita  proportion  daring  life,  195 

Memory,  connection    of.   with   cmt>«il  *^| 

^^^^^^H            nature  and  properties  of,  188 

hemispheres,  435,  436,  4<8                   i 

^^^^^H                   source,  187, 189.  197 

Menobranchus,  size  of  blood-«lobnlM  iM, 

^^^^^^H            mode  of  production,  from  glycoge- 

212                                                   ^ 

^^^^^H                 nic  matter,  100,  \V\ 

gills  of,  226                                        ^M 

^^^^^^r             decomposed  in  the  circulation,  198 

spermatozoa,  575                                ^H 

^^^V                   its  production  in  foet&l  life,  669 

Menstruation,  590                                     ^^H 

^^H             Lobules,  of  lung,  228 

commencement  and  darmtion  ot,  BB  ^^ 

^^H                     of  livi^r,  S4\,  342 

phenomena  of,  591                                       ' 

^^^H             Local  production  of  carbonio  Mid,  241 

rupture  of  Oraafian  foUJ«l«e  to,  M 

^^^H                     of  animal  beat,  25'!> 

suspended  during  prernaacT,  Ml, 

^^^H             Lo«at  varialionaof  circulation,  808,  307 

601 

^^^H             LosGET,  on  interference  of  albumlaose 

Meaenteric  glands,  167,  819 

^^^H                          with  Trommer's  teat,  131 

MicuEL,    Dr.    Myddleton.     mptsr*    of 

^^^^^^^              on  sunaibility  of  glosso-pliar^'ngeal 

Graafian  follicle  in  meastruatioiv^^^ 

^^^^^^ft 

592                                                    ^M 

^^^^^^B            of  pneumogaitrio  nerre,  475 

Milk,  886                                                     ^M 

^^^^^^H             on  irritability  of  anterior  colurons 

composition  and  properties  of,  fl^^H 

^^^^^^B                 of  spinal  oord,  416 

338                                                        H 

^^^^^^              on  disappearance  of  irritability  in 

microscopic  characters  of,  389             ^H 

^^^H                         motor  and  senaitire  ncrres,  420 

souring  and  coagulation  of,  S40 

^^^B             Lungs,  structure  of.  in  reptiles,  227 

variations  in,  during  lactalioD,  S40 

^^^H                     in  man,  228 

Milk-sugar.  C8 

^^^1                    alteraticD  of,  after  division  of  pneu- 

converted  into  lactic  acid.  84.  340 

^^^B                       mogastricB,  483 

MiTcuELL,  8.  Weib,  M.  D.,  on  prodMliM 

^^^H            LirsE,  Prof.,  proportion  of  sugar  in  car- 

of  vibriones  in  the  veaom  of  th>      n 

^^^H                         diac  and  jugular  blood,  197 

rattlesnake,  550                        ^^^^H 

^^m            Lymph,  157.  321.  322 

Mollusca,  nervous  system  of,  8M   ^^^^| 

^^H                    quantity  of,  323,  826 

MooBE   AND  Pknxock,  ex pfrinval^B^H 

^^H            Lymphatic  system,  156,  158,  319 

movements  of  benri,  2T0                ^| 

MoRiN,  carbonio  aoid  Ln  the  uriae,  249  ^H 

^^^1            MAOsyDEB,  on  absorption  by  blood-ves- 

Motion,  412                                                 ^H 

^^^^ 

Motor  cranial  oervea,  461.  462               ^^| 

^^^^^H           en  diatinot  seat  of  sensation  and 

Motor  nervous  fibres,  886                         ^^M 

^^^^^B 

Motor  oculi  communis,  468               ^^^^M 

^^^P^^     MAflxra,  oxygen  in  the  blood,  238,  239 

^^^^^^ 

^^^1            Male  organs  of  genernlton,  574,  577 

Movements,  of  storoaoh,  182             ^^^^H 

^^^H                     development  of,  678 

intestine,  151                            ^^^^H 

^^^H            Mslpighian  bodies  of  spleen,  201 

^^^H 

^^^K            MammaliauD,  oircutnlion  in,  262 

of  chest,  in  respiration,  229       ^^^^| 

^^^H            Mammary  gland,  structure  of,  336 

^^^H 

^^^H                     sec  ret  ion  of,  337 

aniociated,  421                                 ^^^^H 

^^^H            Maboet,  on  escretine,  148 

fcetus,  661                               ^^^H 

^^^V            Maret,  M.,  experiments  on  arterial  pul- 

Muoosine,  86                                      ^^^^H 

^^m                          salion,  280,  282 

Mucous  follicles,  320                         ..^^^^1 

^^^1             Mastication,  108 

Mucous  membrane,  of  stomach,  U^^^^H 

^^^H                    unilateral,  in   ruminating  animals, 

of  intestine.  139,  149,  160         ^^^H 

^■^ 

of  tongue,  407                                ^^^^^| 

^^^^^_^         retarded  by  tuppressing  salira,  118           of  uterus,  572,  QS4                    ^^^^M 

INDEX. 


721 


Mucus,  829 

composition  and  properties  of,  330 

of  mouth,  112 

of  cervix  uteri,  573 
Muscles,  irritability  of,  390 

directly  paralyzed  by  sulpbo-cyanido 
of  potassium,  401 

consentaaeoua  action  of,  443 

of  respiration.  229 
Muscular  fibres,  of  spleen,  200 

of  heart,  spiral  and  circular,  272 
Muscular  irritability,  309 

duration  after  death,  400 

exhausted  by  repeated  irritation,  401 
MuBouline,  87 

Nails,  formation  of,  in  embryo,  063 
Nbqrier,  on  rupture  of  Graafian  follicle 

in  menstruation,  692 
Nerve-cells,  382,  383 
Nerves,  division  of,  377 

inosculation  of,  378 

irritability  of,  401,  402 

regeneration  of,  after  division,  882 

spinal,  390,  413 

cranial,  459 

olfactory,  459 

optic,  400 

auditory,  460 

oculo-motorius,  468 

paiheticus,  404 

motor  externus,  464 

masticator,  4C6,  467 

facial,  469 

hypoglossal,  491 

spinal  accessory,  488 

trifacial  (fifth  pair),  464 

glosso-pbaryngeal,  473 

pneumogastric,  474 

superior  and  inferior  laryngeal,  476 

great  sympathetic,  529 
Nervous  filaments,  374 

of  brain,  375 

of  sciatic  nerve,  874 

division  of,  379 

origin  and  termination  of,  878 

motor  and  sensitive,  385 
Nervous  force,  how  excited,  402 

rapidity  of,  407 

nature  of,  408 
Nervous  tissue,  two  kinds  of.  874 
Nervous  irritability,  381,  401 

how  shown,  402 

duration  of,  after  death,  402 

exhausted  by  excitement,  408 

destroyed  by  woorara,  406 

distinct  from  muscular,  406 

nature  of,  408 
Nervous  system,  371 

general  structure  and  functions  of, 
371-898 
46 


Nervous  system,  of  radiata,  884 

of  mollusca,  386 

of  articulata,  387 

of  vertebrata,  389 

reflex  action  of,  384 
Network,  capillary,  in  Peyer's  glands, 
149 

in  intestinal  villus,  150 

in  web  of  frog's  fool,  295 

in  lobule  of  liver,  342 
Neurilemma,  376 
Newly-born  infant,  weight  of,  707 

respiration  in,  707 

nervous  phenomena  of,  708 

comparative  size  of  organs  in,  709 
Newport,  on  temperature  of  insects,  250 
Nitric  acid,  action  of,  on  bile-pigment, 
171 

precipitation  of  uric  acid  by,  360 
Nitrogen,  exhalation  of,  in  respiration, 

235 
Nucleus,  of  medulla  oblongata,  468 
Nutrition,  45 

Obliteration,  of  ductus  venosus,  697 

of  ductus  arteriosus,  699,  700 
Oculo-motorius  nerve,  463 
(Esophagus,  paralysis  of,  after  divisioa 
of  pneumogastric,  477 

development  of,  669 
(Estruation,  phenomena  of,  589 
Oleaginous  substances,  71 

in  different  kinds  of  food,  78 

condition  of,  iu  the  tissues  and  fluids, 
74,  79 

partly  produced  in  the  body,  78,  79 

decomposed  in  the  body,  79 
in  the  blood,  216 

indispensable  as  ingredients  of  the 
food,  93 

insufficient  for  nutrition,  94 
Olfactory  apparatus,  503 

protected  by  two  sets  of  muscles,  586 

commissures,  893,  459 
Olfactory  ganglia,  893,  459 

their  function,  459 
Olfactory  nerves,  608 
Olivary  bodies,  395 
Omphalo-mesenleric  vessels,  686 
Ophthalmic  ganglion,  529 
Optic  ganglia,  393,  448 
Optic  nerves,  4G0 

decussation  of,  449,  450,  451 
Optic  thalami,  431 

development  of,  658 
Organs  of  special  sense,  497, 503, 607,  622 

development  of,  660 
Organic  substances,  80 

indefinite  chemical  composition  of, 
80,81 

hygroscopic  properties  of,  82 
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Org«nic  auliatances,  coagulation  of,  83 
ctiinlytic  action,  83 

putri'fiiclion,  84 

siourcc  and  doHiiuiition,  89,  90 

(ligcsltoa  of,  1-9 

exlj»le<l  by  tlio  bioiiib,  230 
Origin,  of  pUnta  and  auinmU,  545 

of  infusoria,  548 

of  animal  and  vegetable  paraaites, 
551 

of  encysted  entozoa.  554 
Ossification  of  skeleton,  (ifti 
Osieine,  87 
Oiic  ganglion,  530 
Ovary,  55!),  504 

of  ticuia,  569 

of  frog,  505 

of  fowl,  507 

of  humnn  fcmnle,  571.  572 
Ofaries,  descent  of,  in  furiiig,  G81 

condition  lit  birili,  i'Mi 
Oviparoua  and  viviparous  animals,  dis- 
tinction between,  583 
Oxalate  of  linic,  in  urine,  ^-W 
Oxalic  acid,  produced  in  urine,  3<j6 
Oxygen,  alisortiod  in  respiriiticiii,  2}t5,  287 

daily  i|U!intity  ciinMiiiueii,  1135 

gintc  of  solution  in  blnnil,  1188 

dissolved  by  blood-globule*,  239 

absorbed  by  lb«  (i»!iiie8,  241 

exhaled  by  plants,  254 

Pacinian  bodies  of  ibc  f>kin,  379 
I'alatc,  formation  of,  073 
Fancrcaiic  Juicv,  141 

mode  of  obtaining,  142 
composition  of.  143 
action  on  fat,  143,  144 
daily  quantity  of,  143 
Pancrealine,  80 

iu  pancreutio  juice,  143 
Paxizz.v,  cxperiinoui   on  absorption  by 

bloodvessels,  152 
Paralysis,  after  division  nf  anterior  root 
of  spinal  nerve,  414 
direct,  nftor  lateral  injury  of  spinal 

cord,  41 H 
crossed,  after  lateral  injury  of  brain, 

417.  418 
facial,  472 
of    muscles,   by    sulpbo-cyanide    of 

potas»iuni,  4U1 
of  motor  nerves,  by  woorara,  406 
of  sensitive  nerves,  by   Blrycbnine, 

42(5 
of  voluntary  motion  and  sensation, 
after  destroying  tuber   annulare, 
452 
of  pharynx    and  oesophagus,  after 
Kcction  orpneutuognstrics,  476,477 
of  larynx,  47*.<.  4ftU.  485 
of  muBoular  coat  of  stomach,  487 


Paraplegia,  reflex  action  of  spinal 

in.  424 
Parasites.  560 

cunditiuns  of  dcvelopmrTit  of,  (&! 
mode  of  introduciiou  into  budy,  US 
sexless,  reproduction  of,  ^4 
Parotid  saliva.  112,  113 
Piirlurilion,  053 

Pur  vngura,  474.     Sf€  PnenBugoctrie. 
Patheticus  nerve,  404 
P.iVT,  on  the   po«.l-nioricni  formation  «f 

liver-sugar,  192 
Patev.    mineral    iugredivnla   of   nr«al 

graiiia,  W 
Pki.oi'ze,  composition  of  glye«g«eU  nat- 
ter, I'M) 
Pelvis,  development  of,  Ofi^ 
PjiNKooK   ANu    MoijRK.  ex|>eriBi«nl«  «■ 

movements  of  heart,  270 
Pepsine.  Mti 

in  gastric  'y--   '  ■'" 
Percepiiiiu  of  afirr  rtaoval 

of  heini'i  .    i  ■'' 

di'Ktroyed    alter    nrutovnl   of  tuber 
annulare,  452 
Periodical  ovulation,  588 
Perisliiltic  motion,  of  stomacb,  12i 
of  intestine,  151 
of  oviduct.  SGO.  698 
pRBKi.Ns.  I'rof.  Maurice,  conipu.->.>u 

purntid  ontivii,  ]  13 
Perspiration,  332 

daily  quantity  of,  ^Rfi 
composition  and  prupertira  of.  tU 
function,  in  rcguUiing  icnip^roiara, 
884 
Pettenkofer's  test  for  bile,  171 
I'eyer's  gluiids,  14'J 
Pharynx,  net  ion  of,  in  ewatloiring,  fTI 

furinntion  of.  070 
pMiiin-KAix,  transmission   >(  >.  n»it|Ti 

impresaiona  in  spir  .Ift 

Phosphate  of  lime,  its  }>i  u  i| 

animal  ilcsucsand  fiuiU*,  .'<b 
in  the  food,  Ol) 
in  the  urine,  559 
[irccipitiiied  by  alkalies,  iifiO 
Phosphate,  triple,  in    puire(y4fi|[ 

808 
Phosphates,  alkaline,  til 
in  urine,  SGt> 
earthy,  58,  01 

in  urine,  859 
of  magueaia,  soda,  and  potaaM. 
Phosphorus,  not  a  proxioiatu  prineipU 

47 
Pliysiolugy,  defiaition  of,  23 
Phrenology.  440 

olijeciion*  (0,  441 
prnoticat  diffioultiea  of.  441.  443 
Pigeon,  afTler  reimival  of  cvrebrum,  4j 
of  cerebellum,  444 
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Placenta,  641 

comparatire  anatomy  of,  642 

formation  of,  in  human  species,  648 

foetal  tufts  of,  645 

maternal  sinuses  of,  646 

injection  of,  from  uterine  Tessels, 
647 

function  of,  648 

separation  of.  in  deliyery,  668 
Placental  circulation,  644,  646 
Plants,  vital  heat  of,  250 

generative  apparatus  of,  658 
Plasma  of  the  blood,  214 
Pneumic  acid,  240 
Pneumognstrio  nerve,  474 

its  distribution,  475 

action  of,  on  pharynx  and  oesopha- 
gus, 476 
on  larynx,  477 
in  formation  of  voice,  478 
in  respiration,  479 

effect  of  its  division  on  respiratory 
movements,  480,  482 

cause  of  death  after  division  of,  484 

influence     of,    on    oesophagus    ai:d 
stomach,  487 
Pneumogastric  ganglion,  475 
PoGQiALE,  on  glycogenic  matter  in  butch- 
er's meat,  I'Jl 
Pons  Varolii,  395 
Portal  blood,  temperature  of,  266 
Portal  vein,  in  liver,  841 

development  of,  695 
Posterior  columns  of  spinal  cord,  392 
Primitive  trace,  610 
Production,  of  sugar  in  liver,  186 

of  carbonic  acid,  240 

of  animal  heat,  251 

of  uren  in  blood,  847 

of  infusorial  animalcules,  648 

of  animal  and  vegetable  parasites, 
551 
Proximate  principles,  46 

definition  of,  47 

mode  of  extraction,  48 

manner  of  their  association,  49 

varying  proportions  of,  50 

three  distinct  classes  of,  51 
Proximate  principles   of  the  first  class 
(inorganic),  53 

of  the  second  class,  (crystallizablo 
substances  of  organic  origin),  (i'i 

of    the    third    class    (organic  sub- 
stances), 80 
Pty aline.  111 
Puberty,  period  of,  585 

signs  of,  in  female,  590 
Pulsation,  of  heart,  264 

in  living  animal,  269 

of  arteries,  278 
Pulse,  arterial.  278 

radial,  282 


Pulse,  dicrotic,  284 

Pupil,  action  of,  873,  449,  616,  688 

contraction  of,  after  division  of  sym- 
pathetic, 585 
Pupillary  membrane,  660 
Putrefaction,  84 

of  the  urine,  364 
Pyramids,  anterior,  of  medulla   oblon- 
gata, 895 

decussation  of,  896 

Quantity,  daily,  of  water  exhaled,  65 

of  food,  100 

of  saliva,  114 

of  gastric  juice,  184 

of  pancreatic  juice,  148 

of  bile,  174 

of  air  used  in  respiration,  281 

of  oxygen  used  in  respiration,  235 

of  carbonic  acid  exhaled,  243 

of  lymph  and  chyle,  823 

of  fluids   secreted  and  reabsorbed, 
325 

of  material  absorbed  and  discharged, 
370 

of  perspiration,  883 

of  urine,  355,  356 

of  urea,  849 

of  urate  of  soda,  853 
Quantity,  entire,  of  blood  in  body,  223 

Rabbit,  brain  of,  394 

Races  of  men,  different  capacity  of,  for 

civilization,  437 
Radiata,  nervous  system  of,  884 
Rapidity,  of  the  arterial  current.  286, 238 

of  the  venous  circulation,  294 

of  the  capillary  circulation,  800 

general,  of  the  circulation,  801 

of  the  nervous  force,  407,  408 
Reactions,  of  starch,  60 

of  sugar,  68 

of  fat.  71 

of  saliva.  111,  112 

of  gastric  juice,  127 

of  intestinal  juice,  141 

of  pancreatic  juice,  143 

of  bile,  161 

of  mucus,  329 

of  milk,  338 

of  urine,  855 
Reasoning  powers,  488 

in  animals,  458 
Red  globules  of  blood,  206 
Reflex  action,  884,  457 

in  starfish,  885 

in  centipede,  887 

of  spinal  cord,  422 

of  tubercula  quadrigemina,  449 

of  medulla  oblongata,  454 

of  tuber  annulare,  457 

of  brain,  458 
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Serum,  of  the  blood,  219 

Sexes,  distinctive  characters  of,  560 

Sexless,  entozoa,  652 

Sexual  generation,  658 

Shock,  effect  of,  in  destroying  nervous 

irritability,  404 
SiEBOLD,  on  production  of  tsenia  from 

cvsticercus,  556 
Sight,  506 

apparatus  of,  507.     See  Vision. 
SiuoN,  disappearance  of  fibrin  in  liver 

and  kidneys,  222 
Sinus  terminalis,  of  area  vasculosa,  685 
Sinuses,  placental,  644 
Skeleton,  development  of,  661 
Skin,  respiration  by,  246 

sebaceous  glands  of,  881 

perspiratory  glands  of,  832 

development  of,  663 
Smell,  502 

ganglia  of,  303,  431 

nerves  of,  503 

injured  by  division  of  fifth  pair,  468 
Smith,  Dr.  South  wood,  on  cutaneous  and 

pulmonary  exhalation,  3.34 
Solar  plexus  of  sympathetic  nerve,  531 
Solid  bodies,  vision  of,  with  two  eyes,  517 
Sounds,  of  heart,  265 

how  produced,  266 

vocal,  how  produced,  478 

destroyed  by  section  of  inferior  la- 
ryngeal nerves,  479 

of  spinal  accessory,  489 
Sounds,  acute  and  grave,  transmitted  by 

membrana  tympani,  521 
Spallanzani,  experiments  on  digestion, 
122 

on  artificial  impregnation  of  eggs, 
579 
Special  senses,  492 
Species,  mode  of  continuation,  645 
Specific  gravity,  of  the  saliva.  111 

of  gastric  juice,  126 

of  pancreatic  juice,  143 

of  the  bile,  161 

of  the  blood,  205 

of  the  lymph,  320 

of  the  urine,  356 
Spermatic  fluid,  574 

mixed  constitution  of,  578 
Spermatozoa,  574 

anatomical  character  of,  574 

movements  of,  676 

formation  of,  577 

entrance  of,  into  the  egg,  580 
Sphygmograph,  282 
Spina  bifida,  661 
Spinal  accessory,  488 

sensibility  of,  488 

communication  of,  with  pneumogas- 
tric,  488,  489 

influence  of,  on  larynx,  489 


Spinal  column,  formation  of,  611,  601 
Spinal  cord,  890,  410 

commissures  of,  391 

anterior,  lateral,  and  posterior  col- 
umns, 392 

origin  of  nerves  from,  890 

sensibility  and  excitability  of,  416 

crossed  action  of,  417 

reflex  action  of,  422 

protective  action  of,  427 

influence  on  sphincters,  427 

effect  of  injury  to,  428 

on  respiration,  455 

formation  of,  in  embryo,  611,  661 
Spinal  nerves,  origin  of,  390 
Spleen,  200 

Malpighian  bodies  of,  201 

extirpation  of,  203 
Spontaneous  generation,  645 
Starch,  68 

proportion  of,  in  different  kinds  of 
food,  64 

varieties  of,  64-66 

reactions  of,  66 

action  of  saliva  on,  116 

digestion  of,  188 
Starfish,  nervous  system  of,  384 
Stercorine,  148 
Stereoscope,  617 

St.  Martin,  cnse  of  gastric  fistula  in,  123 
Strabismus,  after  division  of  motor  ocul> 
communis,  464 

of  motor  extcrnus,  464 
Striated  bodies,  432 
Sublingual  gland,  secretion  of,  112 
Submaxillary  ganglion,  529 

gland,  secretion  of,  112 

circulation  in,  influenced  by  nerves, 
539,  540 
Sudoriparous  glando,  332 
Sugar,  67 

varieties  of,  67 

composition  of,  68 

tests  for,  68 

fermentation  of,  70 

proportion  in  different  kinds  of  fooil, 
71 

source  and  destination  of,  71 

produced  in  liver,  186 

discharged  by  urine  in  disease,  SCA 
Sugar  in  liver,  formation  of,  180 

accumulation  after  death.  189,  196 

proportion  during  life,  195 

nature  and  properties  of,  188 

source  of,  187,  189,  197 

produced  from  glycogenic  matter, 
190,  191 

decomposed  in  circulation,  198 
Sulphates,  alkaline,  in  urine,  859 
Sulphur  of  the  bile,  167 

not  discharged  with  the  feces,  188 
Swallowing,  119 
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Urine,  diurnal  ▼ariations  of,  356 

composition  of,  358 

reactions,  859,  360 

interference   with    Trommer'«  test, 
861 

accidental  ingredients  of,  862 

carbonic  acid  in,  246 

acid  fermentation  of,  865 

alkaline  fermentation  of,  867 

final  decomposition  of,  369 
Urinary  bladder,  paralysis  and  inflam- 
mation of,  after  injury  to  spinal 
cord.  429 

formation  of,  in  embryo,  667 
Urosacine,  89 
Uterus,  of  lower  animals,  571        * 

of  human  female,  572 

mucous  membrane  of,  684 

changes  in,  after  impregnation,  685, 
636 

involution  of,  after  delivery,  655 

development  of,  in  foetus,  682 

position  of,  at  birth,  683 
Uterine  mucous  membrane,  634 

tubules  of,  635 

conversion  into  decidua,  636 

exfoliation  of,  at  the  time  of  deliv- 
ery. 653 

renovation  of,  654 

Valve,  Eustachian,  701 

of  foramen  ovale,  704 
Valves,  cardiac,  action  of.  264 

cause  of  heart's  sounds,  266 
Vasa  defereiitia,  formation  of,  678 
Vapor,  watery,  exhalation  of,  55 
from  lungs,  235 
from  the  skin,  333 
Variation,  in  quantity  of  bile  in  different 
animals,  174 
in  size  of  spleen,  200 
in  rapidity  of  coagulation  of  blood, 

219 
in  size  of  glottis  in  respiration,  233 
in  exhalation  of  carbonic  acid,  243 
in  temperature  of  blood  in  different 

parts,  256 
in  composition  of  milk,  during  lac- 
tation, 340 
in  quantity  of  urea,  349 
in  density  and  acidity  of  urine,  356, 
857 
Varieties,  of  starch,  64 
of  sugar,  67 
of  fat,  71 

of  biliary  salts  in  different  animals, 
168 
Vegetable  food,  necessary  to  man,  92 
Vegetable  parasites,  650,  551 
Vegetables,  production  of  heat  in,  250 
absorption  of  carbonic  acid  and  ex- 
halation of  oxygen  by,  254 


Vegetative  functions,  42 
Veins,  290 

their  resistance  to  pressure,  290 

absorption  by,  152 

action  of  valves  in,  293 

motion  of  blood  through,  291 

rapidity  of  circulation  in,  294 

omphalo-mesenterio,  686 

umbilical,  689 

vertebral,  692 
VensB  cavBB,  formation  of,  693 

position  of,  in  foetus,  700 
Vena  azygos,  nmjor  and  minor,  forma- 
tion of.  694 
Venous  system,  development  of,  692 
Ventricles  of  heart,  single  in  fish  and 
reptiles,  260,  261 

double   in   birds  and   mammalians, 
262 

situation  of,  262 

contraction  and  relaxation  of,  269 

elongation  of,  270 

muscular  fibres  of,  272 
Vernix  caseosa,  663 
Vertebrata,  nervous  system  of,  889 
VertcbrsB,  formation  of,  611,  66] 
Vesicles,  adipose,  75 

pulmonary.  228 

seminal,  578 
Vesicults  scminales,  678 

formation  of,  680 
Vibriones,    in    putrefying    rattlesnake 

venom,  650 
Vicarious  secretion,  non-existence  of.  327 
Vicarious  menstruation,  nature  of,  827 
Villi,  of  intestine,  150 

absorption  by,  151 

of  chorion,  630,  682 
Vision,  506 

ganglia  of,  893.  394,  897,  448 

nerves  of,  460 

apparatus  of,  507 

distinct,  at  different  distances,  510 

circle  of,  614 

of  solid  bodies  with  both  eyes,  •'>17 
Vital  phenomena,  their  nature  and  pecu- 
liarities, 38 
Vitellus,  503 

segmentation  of,  607 
formnlion  of,  in  ovary  of  foetus,  684 
Vitelline  circulation,  685 

membrane,  562 

spheres,  607 
Vocal  sounds,  how  produced,  478 
Voice,  formation  of,  in  larynx.  478 

lost,  aft«r  divi!<ion  of  i-pinal  acces- 
sory nerve,  489 
Volition,  seat  of,  in  tuber  annulare,  452 
Vomiting,    peculiar,    after    division    of 

pneumogastrics,  487 
VcLPiAN,    on    regeneration   of   divided 
nerves,  382 


728 


INDEX. 


VcLPiAN,  on  transmission  of  nerrous  im- 
pulses in  the  spinal  cord,  416 

Water,  as  a  proximate  principle,  58 

its  proportion  in  the  animal  tissues 

and  fluids,  54 
its  source,  54 

mode  of  discharge  from  the  body, 
65 
Weight  of  organs,  comparatiye,  in  newly 

born  infant  and  adult,  709 
AVheat  flour,  composition  of,  98 
White  globules  of  the  blood,  212 
action  of  acetic  acid  on.  212 
sluggish   movement  of,  in   circula- 
tion, 25»7 
White  substance,  of  nervous  system,  874 
of  ppinal  cord,  890 
of  brain,  insensible  and  inexcilable, 
480 


Withering  and  separation  of  umbilical 

cord,  after  birtli,  709 
Wolffian  bodies,  675 
structure  of,  676. 
atrophy  and  disappearance  of,  674 
vestiges  of,  in  adult  female.  0^2 
Woorara,  paralyxing  action  of,  on  motor 
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(liATB  L>A  *  BIiAWOHARS'S) 
OF 

MEDICAL  AND  SUSQICAL  PUBUCATIONS. 


In  asking  the  attention  of  the  profession  to  the  works  advertised  in  the  following 
pages,  the  publisher  wonld  state  that  no  pains  are  spared  to  secure  a  continuance  ot 
the  confidence  earned  for  the  publications  of  the  house  by  their  careful  selection  and 
accuracy  and  finish  of  execution. 

The  printed  prices  are  those  at  which  books  can  generally  be  supplied  by  booksellers 
throughout  the  United  States,  who  can  readily  procure  for  their  customers  any  works 
not  kept  in  stock.  Where  access  to  bookstores  is  not  convenient,  books  will  be  sent 
by  mail  post-paid  on  receipt  of  the  price,  but  no  risks  are  assumed  either  on  the 
money  or  the  books,  and  no  publications  but  my  own  are  supplied.  Gentlemen  will 
therefore  in  most  cases  find  it  more  convenient  to  deal  with  the  nearest  bookseller. 

An  Illustrated  Cataloour,  of  64  octavo  pages,  handsomely  printed,  will  be  for- 
warded by  mail,  postpaid,  on  receipt  of  ten  cents. 

HENRY  0.  LEA. 

Noi.  706  »nd  708  Saxbom  St.,  Philadblphia,  April,  1875. 


ADDITIONAL  INDUCEMENT  FOR  SUBSORIBBBS  TO 

THE  AMERICAN  JOURNAL  OF  THE  MEDICAL  SCIENCES. 


TEEEE  MEDIOAL  JOUBNALS,  containing  over  2000  LAfiOE  PAGES, 

Free' of  Postage,  for  SIX  DOLLARS  Per  Annum. 

TEBM8   FOB  1875: 

Thb  Ambrican  Journal  of  the  MbdicalSciencrs,  and  )  Five  Dollars  per  annum, 
Thb  Mbdical  Nbws  and  Library,  both  free  of  postage,    )  in  advance. 

OR 

Thb  American  Journal  of  the  Mbdical  Soibncbs,  published  qnar> 

terly  (115U  pages  per  annum),  with 
Tbb  Medical  News  and  Libbabt,  monthly  (384  pp.  per  annum),  and 
The  Monthly   Abstract  of   Medical   Scibncb    (592  pages    per 
annum).  ^^  ^ 


Six  Dollars 
perannaD, 
in  advance. 


ajEPAXjSrjs  sjTBscniFTiojra  to 

Tub  American  Journal  of  the  Medical  Sciences,  when  not  paid  for  in  advance, 

Five  Dollars. 
Thb  Mf,dical  News  and  Library,  free  of  postfige,  in  advance,  One  Dollar. 
The  Monthly  Abstract  of  Medical  Science,  free  of  postage,  in  advance,  Two 

Dollars  and  a  Half. 

It  is  manifest  that  only  a  very  wide  circulation  can  enable  so  vast  an  amoont  of 
valuable  practical  matter  to  be  supplied  at  a  price  so  nnprecedentedly  low.  1'he  pub- 
lisher, therefore,  has  much  gratification  in  stating  that  the  very  great  favor  with  which 
these  periodicals  are  regarded  by  the  profession  promises  to  render  the  enterprise  a 
permanent  one,  and  it  is  with  especial  pleasure  that  he  acknowledges  the  valuable 
assistance  spontaneously  rendered  by  so  many  of  the  old  sabscribers  to  the  "Jour- 
nal," who  have  kindly  made  known  among  their  friends  the  advantages  thus  offered, 
and  have  induced  them  to  subscribe.  Relying  upon  a  continuance  of  these  friendly 
exertions,  he  hopes  to  be  able  to  maintain  the  unexampled  rates  at  which  these  works 

(For  "  Tbb  Obbtbtbicai.  Joobbal,'^  im  p.  32.) 


Hknbt  C.  Lba's  Pttblications — (Am.  Joum.  Wed.  Srumoei). 


are  now  ofTered,  ead  to  sncceed  id  his  endeavor  to  place  apon  tbe  table  of  Mm 

reading  practitioner  in  thi  United  States  the  eqnivafont  of  Three  l*rf«  octaToivk 
nmcs.  at  the  comparativeh  trifling  cost  of  Six  1>oi.!.ar8  ;irr  anntitn. 

These  periodicals  are  nniTersall  j  known  for  their  high  profeasinoal  sUa4iag  \m  ikk 
several  epheres. 

I. 

THE  AMERICAN  .JOURNAL  OF  THE  MEDICAL  SCIENCES, 

Edited  bt  ISAAC  HAYS.  M.D., 

18  published  Quarterly,  on  the  first  of  January,  April,  July,  and  October.  Bach 
ber  contains  nearly' three  hundred  larfce  octavo  pages,  uppropriatcl/  "^  " 
wherever  necessary.  It  haP  now  heen  issued  repiilttrly  for  orer  rirrr  JMS, 
nearly  the  whole  of  which  time  it  has  been  under  the  control  of  tbe  preMSl 
Throughout  this  long  period,  it  has  maiutiiined  its  position  in  the  bl^hflMniklt 
medical  perio<HcalB  both  at  home  and  abroud,  and  has  received  tbe  cnrdml  mMMrtif 
the  entire  profession  in  this  country.  Among  its  Collaburature  will  be  fnuna  a  tarn 
number  of  the  most  distinguished  names  of  the  profession  kn  ererj  a«ctio«  ttm 
United  States,  rendenog  the  department  devoted  to 

ORIOINAI.    OOMMUNIOATIONS 

fall  of  varied  and  important  matter,  of  great  interest  to  all  praclitionen.  Thw.fariq 
lbl4,  articles  have  appeared  in  its  pages  from  nearly  uue  hundred  geatlea«ao(  ikt 
highest  staudiug  in  the  profession  throughout  the  United  States.* 

Following  this  is  the  "Ukvirw  DePAKTueKT,"  containing  extendril  aad  tap4R:ai 
reviews  of  all  important  new  works,  together  with  numeruu*  i-laborata  "  AjrAvny^ 
AND  BiBLioQRAPUicAi,  NoTiCEs"  of  nearly  all  the  medica!  'ions  of  lh»  dsf. 

This  is  followed  by  the  "Qdartkrlt  Scmmart  op  Imi-k  ,  ^  ^nj^  litMwmB 

IN  THK  Mkdical  Sciknces,"  classilied  and  arranged  under  <ittVcrcat  hcada,  pf«M9UM 
a  very  complete  digest  of  all  that  is  new  and  intereetiug  to  the  pbysiciaa.  abraa4M 
well  as  at  home. 

Thus,  dnrtng  the  year  1874,  the  "Journal"  fnrDisbed  to  its  subaeriWrt  S^OHf* 
inal  CommuuicuiioDs,  113  Reviews  and  Bibliographical  Notices,  and  ItO&anldnB 
the  <4uarterly  tiummaries,  making  a  total  of  about  Firx  HcxoRKoarticlM  emaMtlH 
from  the  best  professional  minds  in  America  and  Europe. 

That  the  cSurte  thus  made  to  maintain  the  high  reputation  of  tbe  "  JoVMSU^'tit' 
successful,  is  tthuwa  by  tbe  position  accorded  to  it  in  both  America  and  Karon  as 
national  ejiponcDl  ot  medical  progress: — 

AmerU'a  coaUonQs  lotakK  a  fnm  pl»c«  io  ihU  i-I&m 
o(  jouriuiU  (tiiiBrierlioi).  Jii  lli<^  livml  vt  wliltli  ilir 
gieitl  Work  ui  Or.  U»y»,  il'w  .liTurriciiM  Jnurnul  ■>/  Ihr 
Mrdicnl  beintet*.  Mill  hnldK  Itn  gntuiKl,  »>  <iur  qui>- 
UlluBK  li»»e  ufl«ii  |iroteJ.— iJuiiiH  Mfl,  Prn*  UH>i 
Virenlar,  Jm.  Ml.  •>»?i. 

Ol  Kngllib  portodtcKla  the  Lnnerl,  aod  of  Amcrlomn 


(b*  d.m.  Juumal  •>/  thr  Mrdlcot  Hvintifit.  *re  tu  b«  {  pre«l*c«»or*. — Lvodon  mk«m.  Aa^    (A  tfTk 


iDkltcr  11  ennulD*.  ftad  ha*  •■taaiiab*4  ftr 
ropuuiloD  In  vTmtf  Citacttry  wh«r* 
tlTKtrd  »•  >  «rlruc«  — hrll.  rm^  thr 
XonVw,  ApcU,  If-;! 

Tlil>,  U  u<)l  111*  but,  U  oa«  of  tiM 

■Dfdlcitl  ituitrtvrllM  tollia  "-f"-*-' — m — (j-    — '  -- 


Altarwi  th*  omlf  oa*  ifest  oIiwIaUb 

all  o*        "     ■■ 

Tirm 


lll^  I  litub  aad  la  " rn       |-» ■  rlju.  JTuSai 

Svpl.  i,  IMIS. 


re^ariled  >•  B«i'«*i>itloi  to  (b«  TtA^iiaa  pracUltuaar.- 
1/.  r.  Medicat  Oaatttt,  Jaa.  7,  1^7I. 

Tl>«  AmeriiyaH  JimrniU  uf  xKt  Mtiicnl  S)fienet» 
field*  to  Buuola  tha  amoanlof  urigkual  aod  burrowed  I 

And  that  it  was  specitically  inolmlcd  in  the  award  of  a  medal  of  merit  to  lbs  Pa^ 
htttiir  m  the  Vienua  KxbibiliuQ  in  l^Tii. 

The  subscription  pnee  ol  the  "  Amkricax  JoDRHAt,  or  tbk  MrdicaI.  ScnsreW* 
never  U-eu  raised  duriug  its  li>og  c^eer.  It  is  still  Fivg  Doi^lj^rs  per  aaDaa*.  mA 
wLieu  paid  lor  lu  advuDce,  the  siilisvriber  receiws  in  addition  tbe  "  MltotCAL  NcwttM 
LiBKAav,"  making  m  all  about  i.'ilHJ  large  octavo  puge.s  per  aooum,  fr«e  of  niMlMf 

11. 

THE  MEDICAL  NEWS  AND  LIBRARY 

is  a  monthly  periodiijal  of  Thirty-two  large  octavo  pages,  making  2^  mm*  ■ 
annum.     IIs'Nkws  1)kpartiik.\t"  presents  the  current  informuLtitu  uf  ibt 
L'liuica]  J^ecturcd  and  llospuul  iiieaDiiii:s ;  wiiile  the  "  Liukahv    l>»:rAKi«- 
voted  to  publishing  standard  works  on  the  various  braacliea  u|  medical  acjcuvf.  it^ir* 

*  CoDiniiinlralluol  aril  Invited  froin  ieail«ai«D  to  all  |>*it>  »r  iiii>  coanirr.     111^^-^,4-  _^_i^  . 
by  Iba  Kdltor  ara  paid  lor  by  (be  J>ttbiUbw.  ^^  mnmfim  ( 
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separately,  so  that  they  can  be  removed  and  bound  on  completion.  In  this  manner 
subscribers  have  received,  without  expense,  such  works  as  "  Watson's  Practick," 
"  Todd  and  Bowman's  Phtsiolooy,"  "  W  bst  on  Childrkm,"  "  Malqaignk's  Sdrqbrt," 
&c.  &c.  With  Jan.  1875,  will  be  commenced  the  publication  of  Dr.  William  Stokes's 
new  work  on  Fever  (see  p.  14),  rendering  this  a  very  desirable  time  for  new  sub- 
scriptions. 

As  stated  above,  the  subscription  price  of  the  "  Mrdical  News  and  Library"  is 
Onb  Dollar  per  annum  in  advance ;  and  it  is  furnished  without  charge  to  all  advance 
paying  subscribers  to  the  "Ambrican  Journal  op  the  Medioal  Scibnobs." 

III. 

THE  MONTHLY  ABSTRACT  OF  MEDICAL  SCIENCE. 

The  publication  in  England  of  Banking's  "Half-Yrarlt  Abstract  of  the  Mkoi- 
CAL  BciKNCEs"  havingceascd  with  the  volume  for  January,  1874,  its  place  has  been 
supplied  in  this  country  by  a  monthly  "  Abstract"  containing  forty-eight  large  oc- 
tavo pages  each  month,  thus  furnishing  in  the  course  of  the  year  about  six  hundred 
{>age8,  the  same  amount  of  matter  as  heretofore  embraced  in  the  Half- Yearly  Abstract. 
As  the  discontinuance  of  the  "  Ranking"  arose  from  the  multiplicatiou  of  journals  ap- 
pearing more  frequently  and  presenting  the  same  character  of  material,  it  has  been 
thought  that  this  plan  of  monthly  issues  will  better  meet  the  wants  of  subscribers 
who  will  thus  receive  earlier  intelligence  of  the  improvements  and  discoveries  in  the 
medical  sciences.  The  aim  of  the  Mo.vthlv  Abstract  will  be  to  present  a  careful 
coudeosation  of  all  that  is  new  and  important  in  the  medical  journalism  of  the  world, 
and  all  the  prominent  professional  periodicals  of  both  hemispheres  will  be  at  the  dis- 
posal of  the  Editors. 

8ub8cribers  desiring  to  bind  the  Abstract  will  receive  on  application  at  the  end 
of  each  year,  a  cloth  cover;  gilt  lettered,  for  the  purpose,  or  it  will  be  sent  free  by 
mail  on  receipt  of  the  postage,  which,  under  existing  laws,  will  be  six  cents. 

The  subscription  to  the  "  Monthly  Abstract,"  free  of  postage,  is  Two  Dolt.ars 
AND  A  Half  a  year,  in  advance. 

As  stated  above,  however,  it  will  be  supplied  in  conjunction  with  the  "American 
Journal  of  the  Medical  Sciencks"  and  the  "  Medical  News  and  Library,"  making 
in  all  about  Twenty -one  Hundred  pages  per  annum,  the  whole /ree  of  postage,  for 
Htx  Dollars  a  year,  in  advance. 

The  first  volume  of  the  "  Mo.vthly  Abstract,"  from  July  to  December,  1874,  caa 
be  had  by  those  who  desire  to  have  complete  sets,  if  early  application  be  made,  for 
$1  50,  forming  a  handsome  octavo  volume  of  3U0  pages,  cloth. 

In  this  eflbrt  to  bring  so  large  an  amount  of  practical  information  within  the  reach 
of  every  member  of  the  profession,  the  publisher  confidently  anticipates  the  friendly 
aid  of  all  who  are  interested  in  the  dissemination  of  sound  medical  literature.  He 
trusts,  especially,  that  the  subscribers  to  the  "American  Medical  Journal"  will  call 
the  attention  of  their  acquaintances  to  the  advantages  thus  offered,  and  that  he  will 
be  sustained  in  the  endeavor  to  permanently  establish  medical  periodical  literature  on 
a  footing  of  cheapness  never  heretofore  attempted. 

PSEMIUM  FOE  NEW  SUBSOEIBEES  TO  THE  "  JOUENAL." 

Any  gentleman  who  will  remit  th^mount  for  two  subscriptions  for  1875,  one  of 
which  must  be  for  a  new  subacriberJ^U  receive  as  a  premium,  free  by  mail,  a  copy  oi 
"  Flint's  Essays  on  Con8Ervativk»Mkdicink"  (for  advertisement  of  which  see  p.  15), 
or  of  Stuhqes's  Clinical  Medicine"  (see  p.  14;,  or  of  the  new  edition  of  "  Swaynb's 
Obstetric  Aphorisms"  (see  p.  24),  or  of  "Tannbb's  (Jlincax  Manual"  (see  p.  5), 
or  of  "Chambers's  Bkstobativb Mkdicinb"  (see  p.  16),  or  of  "  West  on  Nervous 
Disorders  of  (Juildrbn."    (ijee  page  21). 

*«*  Gentlemen  desiring  to  avail  themselves  of  the  advantages  thus  offered  will  do 
well  to  forward  their  subscriptions  at  an  early  day,  in  order  to  insure  the  receipt  oi 
complete  sets  for  the  year  1875,  as  the  constant  increase  in  the  subscription  list  almost 
always  exhausts  the  quantity  printed  shortly  after  publication. 

^g"  The  safest  mode  of  remittance  is  by  bank  check  or  postal  money  order,  drawn 
to  the  order  of  the  undersigned.  Where  these  are  not  accessible,  remittances  for  the 
"Journal"  may  be  made  at  th^  risk  of  the  publisher,  by  forwarding  in  BBaisTBRxo 
letters.    Address, 

HENRY  0.  LEA, 

.   Nos.  706  and  708  Sansom  St.,  Philadelphia,  Pa. 


nniKT  C.  Lba'8  PUBLTfA 


ort**). 


r\VNOLISON  {ROBLEY),  M.D., 

^^  halt  Pro/rMOT  of  Ukttiiiii**  of  MiUelrn in  J^^non  MuticaX  Oo(U0% 

MEDICAL  LEXICON;  A  Dictionary  op  Medicai.  S"  C<.r, 

taioini;  a  oonci**  explanation  of  th«  variout  SubjeeU  and  T«rni«  of  Ar  iJ^^^ 

Pathology,  Hygiene,  ThenipenticB,  Pbarraapnlnpy.  Phr.r-        -     ^    --    --  -  ri-«,  li»44«^ 

Jari»i>ru>lvno».  one]  Denti^trj.     Notices  ul  Clitnut?  xn  TmwttlU  ht 

Officinnl,  Erapiricnl,  and  Dietetic  Prep»rnti.>ns :  witLii  '    Elr-Auh#T  t( 

the  T«niiii,  and  tbe  Frenob  and  other  Synooymnt;  io  &-  lo  •u.D»(tiui*'  m  tf  <t 

English  Medical  Lexicon.     A  New  Kditinn.     Tboronebly  KeriMil,  •ml  ver;  ' 

iCed  and  Augmeatrd.     By  RiruAHn  J.  l)r)i(:LiAo5,  M.It.      In  on*  vttj  largr  a»ii  i«>» 

ioio*  roTalooUTO  v«lame  ol  over  1 1(10  yn^t.     Ctoib,  $4  60  ,-  le»tb«r.  r»ki«4  ba»di,  S*  t*- 

(Jvt  Ittued.) 

Tbe  object  of  the  tntbor  from  the  outfet  ba«  not  be«'n  to  make  the  work  «  bww  UsIn*  at 

dictiotinry  of  term*,  bat  to  afford,  under  each,  a  aondenned  rinw  of  \lt  voru'ii*  O" 'tc«^I  r«t*t!«9<, 

and  lbu(  to  render  the  work  an  epitome  of  the  eziKting  condition  nf  nir  '  r« 

wilh  tbi«  view,  the  immenie  demand  which  has  existed  for  the  work  ha>  '  •] 

revixiont,  to  nugioent  itg  completene»r  and  n»«falnei«a,  until  n*  '   — '     -  r.ut  >itu-.D»vi  >«*  pt^iucS 

uf  II  rrcogoixed  and  atandard  authority  wherever  the  luugu  '  a. 

Specifll  pail))  have  been  lakeo  in  the  preparation  of  tlie  i  iion  to  ui><nf>S»  tU*  ■•- 

vialilereputiition.     During  the  tin  yciiT»  which  have  elnpned  niitoe  tbv  Ual  re^  -  '      i  IflltMi 

to  the  i40iiirD;]aiure  of  (be  medical  •eieticer  have  been  greater  than  prthnpa  n  ttpuuA 

nf  Ifae  piivl,  nnd  up  to  the  time  of  hi.s  deotb  the  autkitr  laboriHl  aJ>^l  '  iij.->.r|«-rat»  eewT* 

thili).  lequiriugthe  attention  of  the  student  or  practi  inner.     Sit  !>e  •dilur  ka*  koM 

equally  iixlu^trioim,  ko  tl>nt  the  iidditions  to  the  vounliulnry  nrv  pn  uf  than  ta  tMJ  }fn- 

vivui  leviniiin.  Ki'|>ecial  attention  ha'<  been  beMowed  on  the  aaceniuKiiuii,  which  mH\  ke  f««a< 
tniirked  on  every  word.  The  typographical  arrangement  hiiF  been  niui>h  laiprot«4,  rrV^att^ 
refrr^nee  mu<-b  more  en»y,  and  every  Dur«  bnf  been  taken  with  the  tnenhanical   eseealkm      ^ 


W'lik  li»«  hern  prinlrd  on  new  type,  mnull  but  e«oreiliiij;ly  cleut,  with  on  anUrgr^l  PBff* 
the  iMJOilioDi^  bo\e  been  incor]Mirnted  wilh  an  increiiFe  ■>!  but  iHtU  nv«r  ft  kasdlM  fBi 
the  volume  now  contaiiti  the  ojatter  of  at  len»t  four  ordinary  ootaToa. 

A  bw*  »i'»l  Viiowo  U.  our  rr«drri»,  «li<]  of  nblcb  |       We  iirv  irln'l   (■'  »r»  n  n»^  ntttitm  -T  t*V  tm^4at•« 

•>vrr%  Aiiii-riiRn  I'UHtii  lo  l>«  proud.     Whrn  llir  I<r«rii«>l  ,  work.  n.  .•< 

■  otllur  of  ll»-  trurk   pikrtoit  nwiijr,  prolialilv  all  of  u*     iiixt  p.'  ,-v 

Xv*ivt\    )•'*(   the   ti'ik   rliiiuld   Dut   nmlotatn  liJ>  plaT    ocnt  i'  .•  •( 
|i.  ilii'  mlVNiu-liit:  Kieliii-  »  licwv  Urui*  it  ilftlLt*.     J-»r-     n  tiicb  rtirv  ;  li>  >i.  Inn  >tiuui.l  U  (A^sa-^.a.)  — ,1    l.M^ 
tucatvly,  Or.  Iliilinrd  J   l>uiiiili»i>ii.  haviog  ux-itted  \M  '  Journal,  lvl>.  1^74. 
falhrr  III  llie  re»i«i<i"  "f  •w»»tiiI  edlllunii  of  the  wiirK    ' 


•l.d  Imrlii^  lir<'l>,  Itifretr'n*,  IraiunJ  in  tlir  method*  aud 
Iniboi-d  Willi  \hv  •(•iril  nf  Ibr  lj<*k,  lio  Wen  »\>\v  tn 
rdit  H.  11''  'n  •'"•  pal'bwrK  mnnrirr  pO  dMir  to  thr 
tiiui  iitiirn,  po  ri"|'UlM5(i  IP  iho  Itift*  of  inii'l- 

11^,  !•.  bul  t'l  wilt  il  o»R*orl(  "f  tbe  kind 

«)„,  -  In  riirry  II  on  rla-ndili, ,  «ttliout  jmr 

i>r  r  iilo).),'  I  be  RTfiorc*  of  ttiou|[ht  U  )ia« 

%tH' ■  iU  lifciiuii*.     To  aIiow  tlio  matitoilude 

(l|    t_.  r  11    llr     |lMii-H-''t!   (.»•  n-pllKK-rl   llld  "-Kr- 

rinJ    llir..ii^li,  II    »!■  Olilv     I 
Ulkb  MX  Ibi.U'lU'd  1J1» 

prt!*t'tit  iiil'li  ti.  Willi.-    >  .  . 

l(.,.|     ,        ,  ■:,■    Ilo-    mill  1-    ■  M     II, ,■    -II.  1... -11,1 

r,.f  ■  ■■■•d  Ii0|  o  bfuiny  r<-*[t  llif  wtll- 

Mi,i.,  I  4udliuour — i'liita,  ii'd.  iirrut, 

J.D  :,,  isw. 

Aliiiut  the  ttmt  book  purchased  by  the  medial  atu- 
Oenl  If  ilir  M'-itUtii  l/trltoniiry.  Tlir  IrxinitJ  rxplaaa- 
lorj  rd  t4<i'bid<-iil  l4iiui>  In  ptuitdy  *  <inr  i/tia  nnn.  lu  a 
tcUsure  HI  exlvn>iM-.  and  wttll  •nth  ■■•i||nii.r*lii  k»  mrdi 
eloF.  it  t>  k'  niui'b  H  nii«v»ily  uIm>  to  the  prulMiig 
|>lij>l<-lun.  To  uiiT't  tlip  wniit*  of  •tud'-ii(ii  »iid  m»»l 
phy^b-tiinii,  the  dliHlonary  niunt  l>e  wudented  while 
ouuiprrtiiMipive,  kod  practical  »bllr  |>«r>(''<v4ou«.  It 
#M*  liecHUrH*  tniii);li>oii'a  uu-i  llifiM.-  Iiidioatiou*  ILmI  it 
Ih^'hUo-  k1  oniv  tlir  dirtlonary  of  iceDcml  v^e  wherever 


Will  

nnd  ijj 
lli«  «. 
llvlliK    tji.'.u 
ticwur,  lion. 


ililiik,  «lll  >.' 
' liii  want  t.i 
rnc«,  «rliii-b   ! 
{•OKI.      Xbr  ■•■ 
Uf  fur  ■«  *•■ 
Irill.     V\r  h-'i'.'  I'  I. 
UDltimdtyof  pn>i>' 
fan  la  Mni  ami  Sii . ;. 


,.f  -.. 


loedl'  ibc  wtt  •ludiiHl  iu  thv  (r< 
fcruier  re<  i^lon  hnw  tin'  »llt-r 
■••Kririit.  MnriMliKii rli DicU'io 
ha<<-  IxMju  added.  'Hie  elili.llr. :. 
jttllrr,  » title  ihr  derivmivn-  i 
arrknirriiu'rit  wlilrh  ittwiM)  fn. 
m„v  ,.,..■  1   .■■■••irui  the  Im'|«.' 


It  would  be  mar*  wimi* 
jut  admlrattoB  of  a  work   w 
lad  davervedly  appr*clal«d. 
work  of  ita  Iliad  lo  (tie  Kaxllali   i>>gn^»  —  •S' 
Jf«««^»wrt«a(.  Jauaary,  IM*. 

Aw.-  >  Is  BO  w^Bal  la  tk* 

laDf.  •''fUeul  JvmfmmL 

Few  I     ;  ■  vi.it.ii 

ffpatieali-  '•     TkaaVIMt 

jftbeaal*.'  **Maunr»aM 

aiafulaeaa,  ill-  ..-  .^-  „ .......  i-.^mltrmdwf  t*.. 

Rolitey  Daogli'iiB  ua  ttiv  prulvMiwe,  aa4 
»tfaeri,  by  \t»lint*—LfH4ifn  L'tt^c^  Ma)  U, 


-  [I. .ill  rape;   ao 
I.  i.-rroci\      We 
ii'.j  l.y  the  mliloi 
ihkli  pu«av«*i->  for  him  a  tlllalai.  wfH 
a>  ■  i   li.irrei.t,  «tll  Iw  loiind  worlliy  a  mn-  _  _ 

II ....  p.i»liloii  fu  tone  ac-onl«d  to'  it  a»  a   referaacea— /*«»<l«»w  Mi>t*emi 

.  ataodanl  autlwrily ." — Omdnmitt  CTintc,  Jaa.  10,  1974.  | 


It  ha*  the  ran  merit  tkal  U  eanotaly  a«*  aa  n«M 
la  Ibe  &agll*lj  Uii«a*«*  tor  •ovBtatfy  aa4  weiaaKI 


ff 


OBLYN  [RICHARD  D.),  M.  D 


\w  r*  r\\ 


A  DICTIONARY  OF  THE  TERMS  USED  IN 

THE  COLLATERAL  BCIENCEB.     Revii.ed,  with  nnnjeron.  aJ 
M.D.,  Editor  ol  the  "American  Journal  of  the  Nedioftl  i<>eienr--         ...  vu«  .«^f^r 
JSmo.  Tolnme  of  over  60n  double  columned  page*,  cloth,  f  1  50  ;  ie«lk«r,  13  ff 
It  It  eke  bent  book  ot  denoltmn.  w»  liava.  asit  mghi  alwaya  to  be  a^a  tke  Ma4«at**  t*hU.- 
Ifarf,  nwrf  Sitrtr  J-mrnal. 


.,y*l 


IVIfHT 


'oWiTOAtTONB — ( Manuals). 


J^EILL  (JOBN),  M.D..    and     (JUITH  [FRANCIS  O),  M.  D.. 

AN    ANALYTICAL    COMPENDIUM    OF   THE    VARIOUS 

BRANCHES  OF  MEDICAL  SCIENCE;  for  the  Use  and  Bznmiliivtioi)  of  Stiidentii.     A 

new  eiiitioo,  rcTued  and  improred.    In  one  very  Itrge  knd  bftndsdinely  priolad  ro;rnl  l2mii. 

volume,  of  abodt  one  thoaaand  page«,  with  !I74  wood  outs,  oloth,  $4;  strongly  bouno  in 

leather,  with  raised  bands,  $4  76. 
Th«  Cumpead  at  Ura.  HelllkDd  Smitb  ttlDcompar*-    cloa>  r»et>itreiit<itri«l  op  la  ihU  IIUTvrnlnrue.    k  com- 
bl7  theiuDit  T«loikbl«workuriliieliiii»«T«rpubltkhe<i  !  plme  pnr(«ble  Ubrkr/  no  c<)DiJeoR«U  itiitl  the  alndaiil 
In  (hli>  cutinlry     AltomplK  baT«1te«D  iiindeiD  r«rl<iii>  |  mji;  mako  It  blrcooKl&ot  pnekei  cojnpaolnfe. —  Wnt- 


to  tbe  rapid  eoarn*  of  UcIotrb,  wbsr*  work  for  I  b« 
•indents  l(  beavj,  nud  Tb^\9it  a^cft^arj  Tor  iin  rxK- 
mlattlon,  acompead  U  ooi  oal;  Tulnii>>i«,  bat  li  I* 
almaat  a  itin*  lun  nun.  Tlip  nar  lixrur<>  u»  li,,  to  iiio*l 
oflhedlTlnloii«.lh«  m>i»{  iiiir-xitrpdManblxirall  hnnka  , 
orih«  kind  tliHl  wo  Uaowuf  or  ciiorHr  II  1*  u«i>l«»t , 
for  nn  In  racmniuimd  li  tn  nil  limt  cmirae  •■  adiiDtn,  hut 
there  ti  aclant  to  whum  we  »rry  ilocaritlr  coruiooDd 
toU  cheap  bu'>b  KM  worth  fin  wol^ht  !n  ilW»r — (h,>t 
Tbrre  nre  hot  ffw  atadcDtn  or  practlLlonsri  of  me- I  olltx*  Itlbn  Krudtiittns  In  ini^dioliie  of  mMt"  Lbiio  Ka 
dt«ln«  nn«f({aAia(nd  with  Ibe  foriovr  ••(lUloDK  of  Iblr  yean'  HUediag,  w)ii>  bava  0'>l  litndled  mcJtrlbs 
anncnmlDt  thuuKb  highly  iDniructlrt*  work.  Tb«  iloce.  Th«y  'ill  pflrliapN  floii  onr  froio  It  thnl  (be 
wbotrxoirecnoCiuediclDeeppearalo  hare  been  Rifted,  '  <«leace  U  not  exAeily  D'>ir  what  It  w*»  when  th«y 
M  tb«  (Old-bearlog  eandi  of  Bl  Dorado,  and  lb«  pra-i  lafk  It  ot.—Tht  Sttlhotcop*. 


qnnricrh  to  4<(ae<>te  Anklomy,  Fhy»i»l<igy,  ^arg«ry, 
tb»  Prncllocor  M«dUlnt>.  HbnletHcs,  M»>«flB  Hediea, 
tod  ChoioUiry  IqIii  a  ninglx  maoaal;  bat  the  opera- 
il'in  ban  BtKnaJly  failed  in  lh«  hiiDd»  of  all  up  to  the 
•dTenl  of"  Nell)  end  8iDllh'«"  vnlunie,  which  Uqalte 
a  nilra<|i>  of  aaoce**.  The  ooillitea  of  the  whole  are 
admirably  drawn  and  llliiMrHtnd.  and  the  inlbor* 
are  emlaoorly  nailtlod  to  the  frnldfal  eonalderatlOD 
(if  ibe  Hladt'Dt  uf  erary  elau. — JV  O.  Jf«f.  and  Surg. 
Jititmnl 


JTAFTSHORNE  {HENRY^,  M.  D., 

Profumur  of  Bvgirrtf  hi  ttu  Vntvrrlty  of  Ptniurj/lvnnia. 

A   CONSPECTUS   OF   THE    MEDICAL   SCIENCES;   containing 

Hnndbooka  on   Anatotny,   Phyriology,  Chemintry,   Materia   Medion.    Praclioal   Medicine, 

Surgery,  and  Ob«letrio<.    Second  Edition,  thoroughly  revised  anil  improred.     In  one  lurKe 

royal  12mn.  rolniue  of  more  than   1000  elooely  printed  pages,  with  477  illaatrationa  on 

wood.     Cloth.  $4  25  ;  leather.  $6  00.     {f^ttrlif  Imuril.) 

The  favor  with  which  this  work  ba*  been  received  has  rriinnliiled  the  niilhor  in  ito  roviilon  to 

render  it  in  every  way  fitted  to  meet  the  wnntii  of  the  aludrnt.  or   of  the  practitioner  deiirou*  t"» 

refresh  hJ«nrqnaintanoe  with  the  various  depart  nienti*  of  medical  «oience.    The  riiriouji.neetiini*  hiive 

been  broupht  op  to  a  level  with  tbeexivling  knowledge  of  the  day,  wliile  preserrinR  the  oondentit- 

tion  of  form  by  which  to  v.-ut  an  aeeuroulntton  of  fncte  bnve  been   hrouifht  wi<bin  ko  narrow  a 

cotnp».«s.     The  series  of  illustratioD?  hug  been  much  iinprovi<d,  while  by  the  u»e  of  a  <>toaller  type 

the  additions  have  been  incorporated  without  inoreiieinj;  unduly  the  «ir.e  of  the  ndurae. 

Tbe  «-.irk  before  n*  bn»alroa<ly  »«teeBnfullya»»erl- I  and  Ibn  clear  aud  lo«lrin-tl»e  lllii<ir»ll'>n«  in  tome 
ed  U»  rlitim  lotha  ronBiltntfe  and  farot  of  the  pnife*-    p»rl»  tif  ihr  w.nk  — .Im'rion  Jnurn.  uf  Phamncu, 
it  bnt  rr<mHlDK  for  u»  to  aav  thai  la  iho  iiretrut     Pblliidel|ilii<i,  July,  |H7t. 


•I 

l-AdilliMi  \\\»  wbQl*  wiifk  tia<  lii«en  folly  nTertaanlml 
and  hrmmlit  op  I"  ibe  pr«««al  •titiat  uf  Ibe  acieoce. — 
Allnnia  Med.  auil  Burg.  Jounml.  Sept.  ISTt. 

Tb<>  w.irk  I"  iDtKudfd  »«  »D  i»id  to  ih<i  inedioal  «fo- 

di-nf,  and  K«  •nrh  »|ip«"»ni  to  mlinlrably  fiiltll  He  olv 

IJeci  hy  It'eXi^cH'oi  :<rriiiiiKfiinent  the  full  voinpllallna 

^'«f  faci>,  the  pi>r>plciiliy  aud  leiteueiia  of  Inugiiagn, 


Thd  rolamn  will  t,n  foaud  a'afnl,  not  only  tn  •»«. 
denta,  b<il  to  inauy  othara  who  mny  de*lre  to  rafnwb 
tlieir  nieiiinrlea  with  Ibe  •niallnal  pu^lble  expeadj- 
toreof  time  — iV   Y   Ufl.  JonrHrtl.  B«pt.  ISTl 

The  alnd'iil  will  tliid  tbt*  the  rnn^l  c.>Rre(it*ot  aud 
ii'i»fiil  bo. lit  .If  (lie  kuid  ou  whlnb  he  cm  l.iv  bis 
band.— Par^c  J/cf   'inl  Sur;;,  Juurn  ,  Ang.  1S74 


f  CDLOW  (J.L.),  M.D. 

A   MANUAL  OF   EXAMINATIONS   upon   Anatomy,   PliysioJogy,' 

Surgery,  Prnotice  of  Medicine,  Obstetrics,  Materia  Me>licn.  Chetuii>try,  Phurmacy,  and 
Therupeutica.  To  which  is  added  a  Medical  Formulary.  Third  edition,  Iboruugbly  levifed 
and  greatly  extended  and  enlarged.  With  .S70  illugtratiuns.  In  one  baudsome  royal 
13ino.  volnme  of  81A  large  pAC««.  cloth,  $.1  36:  leather,  S-t  76. 
The  arrangement  of  thii  volume  in  the  form  of  question  und  answer  renders  it  especially  snit- 
able  for  the  office  examination  of  students,  and  for  those  preparing  for  graduation. 


/TANNER  {THOMAS  HA  WKES),  M.  D.,  ^c 

A   MANUAL  OF  CLINICAL  MEDICINE  AND  PHYSICAL  DIAO- 

NOBIS.     Third  American  from  the  Second  London  Bdition.     Revljied  and   Knlarge<l  by 

TiLBt'Br  Fox.  M.  I>.,  Physician  to  the  Skin  Departtnent  in  UniverKily  College  Ilospit.tl, 

Ac.    In  one  nentvolnme  small  12mo,,  of  •bout  37&  pages,  cloth,  $1  5>0. 

***  By  reference  to  the  "  Prospeetos  of  Journal"  on  pogo  3,  it  will  be  seen  that  this  work  i« 

offered  as  a  premiuiD  for  procarisg  new  aabscribers  to  tb«  "Aiibrican  Jourmai.  or  tbk  Mkdicai. 

6CIHKCXS-" 

Taken  a*  a  whole.  It  La  Ibe  moat  outnpaet  rade  me-  )  The  ubjoclloaa  commonly,  kod  jnally.  nrged  a||Mluai 
earn  f.^r  the  u>e  of  the  advaiired  atudeot  and  Janior  th(<  gf  nr^tnl  riiii  of  "coinp<-ud>."  "ciiii>|>ecla'M-a,  '  aud 
practitioner  with  which  we  are  ac<ioaloled.— *o«<'>n  olb*Tald«lo  'adolauco,  are  not  inipllf,.l,l(i  i.i  dil,  ||;iU 
Jferi.  atitt  Surg.  Journtll,  8epl.  22,  ld70.  Tolaim^,  whU'li  roulalna  in  eonriae  phraa«  Jnal  tboae 

pracLleal  d«lalU  that  aro  of  iau«l   aao  lit  dally  dlag- 

It  (onlalua  «o  mnch  that  Is  valnaMn,  preaealed  la  ooiila.  bal  which  the  yoang  prMctiiloo'-r  fluda  li  dlA* 
art  aliraolla*  a  f-irm,  that  it  ciin  hardly  be  afrared  >i(U  to  carry  alwAya  lo  hia  loemnry  wlth.ml  -ooie 
«*eu  ID  Uir  preaeuceuftuvre  full  and  cotuplvle  work*  quickly  aewaalblo  mean*  of  referapce.  Allug<<lbet, 
Ita  ooroDlpnl  aim  mnkea  It  a  valuablo  ootupanloa  ike  book  la  one  which  wn  can  heartily  oomiucid  lo 
to  the  eoni'iry  praillilon<>r,  and  if  «<)n4iaiitly  oar-  ,  ihoae  who  hara  not  opportunity  f^r  pi(i<n..<Up  ro*d- 
rted  by  hlui,  wootd  ofleu  rmdar  him  goud  tervlce,  log.  or  who.  bavlox  rrad  loacb,  «tlU  wi»h  an  ocea- 
aad  relleee  many  a  dotibi  aud  porplejtity.— ie'i»et«.  |  atonal  praelleal  remloder.— >'  Y  Unt  f/,i,»tt.  So» 
^..rth  MU.  Ucnilit.  Jaly,  liTO.  |  10  IS70. 


i 


V6  PUBLIOATIONS — (AtU 


flRAY  (HENRT),  F.R.S., 

^^  Ltt^ftrtr  on  Amttumy  ot  St.  0*t>rgi'i  BorpUal,  London. 

ANATOMY.   DESCRIPTIVE    AND    SURGICAL.      The  Dniwiop* 

H.  V.  Carter,  M.D.,  Ut*  DeuioDrtr»tor  on  Anfttomv  al  St.  0«w>r|f*'(  n»«v'»»'  •  ih«  Piiiw 
tions  jointly  by  the  Author  and  Dr.  Caht«ii.     A  n«w  Ameri  -  '  rUi  caUffvl 

nrid  iroproved  Lomlon  eilition.     In  one  mttgntfieent  imperial  '  oe*rty  Mt 

piit?e8,  with  4fi.^  large  Rnd  elaborate  engruvings  on  wood.      !,.>-  .-   -'  — ,  44  Olj   1^ 
tber,  rai»ed  bonda,  17  00.      (Juiil  Itsutd.] 

fe  author  bM  eodcavored  in  Ibis  work  to  corer  •  more  extended  range  of  (nbjeeU  t^aa  b  nt- 

^fimurr  in  tbe  ordinary  text-books,  br  giving  not  only  the  detaili  Deoe«aary  for  the  vtvdent,  T 
aUu  ttic  apvlicotion  of  thcise  detiiiU  in  the  practice  of  medicine  and  surgery,  ibtin  rvntSc-riHK  It  b 
»  gu'ule  for  the  learner,  and  an  (iJmirflble  work  of  reference  for  tbe  n    "  ;Uiotk*r      Tll«( 

grnvingB  form  a  ^peoial  feature  in  tbe  work,  cnany  of  tbem  being  ■  nature,  -atmiij  i 

original,  and  having  the  namcR  of  tbe  variout  partu  printed  on  the   '  ur  oat,  la  fdaM^ 

fignrer  of  reference,  with  detoriptiong  at  the  foot.    Tbey  thud  form  a  complete  and  ■pJeT>dld  verie 
whivh  will  greatly  anist  tbe  student  in  obtaining  a  clear  idea  of  Anntr-iriT.  imd  will  aim  torrrr  (  ^ 
refresh  the  memory  of  those  who  DUiy  find  in  the  exigencien  of  praci-  if  reeallimj" 

the  detnils  of  the  dissecting  room;  while  combining.  ii!i  it  does,  a  com  <-loniT.  witk 

a  thorough  trentise  on  jystemiitio,  de«cripti\e,  and  applied  At!<"'"  -  ..:  be  fo«ad  •{ 

e.<?eutiiil  u$>e  to  all  physicians  who  receive  stndents  in  their  oH'  tb  |>r>oep>w  m4 

pupil  of  marb  labor  in  laying  the  groundwork  of  a  thorough  m'^- 

Notwithstanding  the  enlnrgemeul  of  this  edition,  it  has  been  kvpt  at  iLa  former  Vtry  ■o4«rata 
price,  rendering  it  one  uf  tbe  clienpest  works  now  before  the  profession. 

The  lllustratloao  Hte  beHultfiillv  executed,  HDd  rao-         Frum  time  lo  t 
der  Ibtf  wurk  BD  IndUpeoaalilo  adJiiDCt  lo  tlip  llbrarr     penred,  we  lisv  ■  i 

of  the  surgeon.    This  rein»flc  »['pll<>«  wUb  jre«l  force     Iho  i|«<aeral  Jul.  it\ 

%a  ihosA  suTgeons  prsctltliig  si  a  'lUtNncti  from  our  <  Qrsy'ii  ADHtnmy — '  . 
large  cities,  »*  itie  opportunity  of  refrpublng  their  Altogether  It  is  nn., 
memory  by  actnsi  dlnsectloD  l*  not  «lw»y»  Kltalo-    ^^j  ,.JVvui- 1)!..  \i  \- 

able— Conada  Wed.  .AoumaJ,  Aug.  1B70.  be- n  j- 

The  work  is  too  well  known  and  appreciated  by  ibe    e>M  • 

proreanlon  to  need  any  comineut.  Itu  medical  man 
osn  afford  to  bn  willuittt  II,  If  H«  only  iimrit  were  to 
setTe  as  ■  reminder  of  thst  which  so  soon  becomes 
forgotten,  when  acit  called  Into  frei^aent  nee,  tIi.,  the 
reUtlont  and  DHtoeH  of  the  complex  organism  of  tbe 
haman  body.  Thf-  pre^Aut  edltlun  Is  much  improved. 
—Oallfomia  MM   Qnuit*,  July,  1870. 

Cray's  Anatomy  has  been  so  long  the  etandsrd  of    complel 
perfoetlou  with  every  stadent  of  anatomy,  thst  we    kind,  1»  i 
nned  do  nn  mure  than  call  sttenllun  lu  (he  Improve-     has  learnru  d:-u  irixiJii 
ment  to  Ibe  present  edition. — Iktroit  Seview  r/ Jfed.  .  by  personal  expsrieaoe.— if 
and  Phnrm.,  Aug    1870.  I  17,  1870. 

UMITH  (HEyKrn.),  M.D.,        and   ffORNER  (  WTLLJAM  B.).  M.D^ 

Fro/  "/  SwfriTV  m  th«  Univ.  c\f  Ptnna.,  4c.  Ltitt  Pru/.  of  A  H'ltnntf  In  t>kt  Pnlr.  t^P*n»m  ,  ♦»,  ' 

AN    ANATOMICAL    ATLAS,  illustrative  of  tho   Structure  of  the 

Bumaii  Body.     In  one  volame,  large  imperial  ootaTO,  oloth,  with  kbonl  ilx  baadr*^  an4. 

fifty  beaatifnl  figures.     $4  bO. 
Tbe  plan  of  this  AtUr,  whicb  renders  It  so  peca-  I  the  kind  thst  bat  yet  sppaared ,  *<!'i  >-  —.•-•  •  ■• 
Marly  coDTiinlent  for  the  student,  and  iu  superb  ar- |  tbe  very  bcsaiirnl  muaanrla  srh:  ' 

ti«tloal«x«<ullon,haTebeen  already  pointed  out.  We  j  is  so  creditable  to  thi>  cnoblry  *>  i  j 

iDDat  euDgratnlate  thesladsnt  upon  the  oumpletloa  I  oar  aaUoaal  pride. — AtHtnean  Mt  !.    ,.  u  u  »i-»m 
of  tbls  Atlss,  as  11  Is  the  most  nonvenleut  work  of  I 

QOAJN  (JONES  ^  RICHARD). 


gled  lu  dAyt  gi<a«  by  — S.  X. 

To  commend  Oray'f  *" ■ 

fei-slon  U  uluioot  »•  u 
•  s  It  WuiiU  l>i>  ti>  (It.. 
In   the 


Jf'4   £«.<».«,  Jaas  ; 


•U  ff*-M 


I  iu>  vioTi .  sua  • 
r.  Med..  99mm, 


UHARPEF  I  WILLIAM),  M.D.,     and 

Revised,  with  Notes  and  Additions,  bj  Joskpb 

nfttouy  in  the  University  of  i'ennsylrauia.     CotnpUu  ia  lv« 
large  octavo  volumes,  of  about  1300  pages,  with  511  illustrations,  ololh,  %tt  00. 
Thererj'low  price  of  this  standard  work,  and  its  completeness  in  all  dvputment*  of  tk«  aabUel, 
should  oommaud  for  it  a  place  is  the  library  of  all  anatomical  ttadents.  f"** 


HUMAN  ANATOMY. 

Leinr.  M.D.,  Professor  of  Anat 


la 


ffODOES  [RICHARD  M.),  M.D., 

Latr  Dmonttrator  of  Anatomy  tn  tht  Medical  Dtpartminta/  BnrruMnl  PnlmrMlf 

PRACTICAL  DISSECTIONS.     Second  Edition,  thoroughly  revised. 

one  neat  royal  12mo.  volume,  half-bonnd,  $2  00. 
The  object  of  this  work  is  to  present  lo  the  nnntomical  student  -  •'<■•:'  -nd  eoncUe  daaoriptioa 
of  that  which  be  ia  expected  to  observe  in  an  ordinary  cout re  f.i       The  aulhor  kM 

endeavored  to  otnit  unnecessary  deUils,  and  to  present  tbe  Bubje  '  u  which  many  y«arfl' 

experience  ba«  shown  hiio  to  be  the  most  convenient  and  intelligible  lo  tbe  stndeni.  fa  tte 
rsviston  of  the  present  edition,  he  has  sedulously  labored  to  render  the  volame  mora  wortk*  of 
the  favor  with  whicb  it  baa  heretofore  been  received. 


I 


k 


HOrRSER'SRl'KCr.\ri  ANATOMT  ASD  RrBTOLOGT. 
Kighlh  edition,  exienalvely  revised  snd  uudllled. 


Ia  2  vols,  fivo.,  af  over  1000 
SOO  woad-(i>U;  cloth.  Off  00 


9»Wft  «itk  Mare  ikae 


i 
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yiriLSON  { ERASM  us ),  F.  H.  S. 

A  SYSTEM  OF  UUMAN  ANATOMY,  General  aud  Special.     Edited 

hy  W.  U.  OuBBBCBT,  M.  1>.,  Profoasor  of  lieueraluud  Surgicul  AduIoihj  in  the  Medioul  Col- 
lege of  Ohio,     lllastrmted  with  tbrea  hundred  and  oiuety-aevea  eugruving«  no  wood.     In 
one  large  aod  handioinc  ootavo  volume,  of  over  60U  large  pagei;  olotb,  $4  Ub;  leather, 
$5  OM. 
Hie  pabliaher  tmsti  that  the  well-earned  reputation  of  this  long-establivlied  farorite  will  be 
naore  than  maintained  by  the  prenent  edition.     lie«idea  a  very  thorough  revision  by  the  author,  it 
has  been  muft  carefully  examined  by  the  editor,  and  the  efforta  of  both  have  been  directed  to  in- 
troduviug  everything  which  inoreo^ed  experience  in  its  use  has  suggested  ii«  desirable  to  render  it 
*  cooiplete  text-book  fur  those  seeking  to  ubtaiu  or  to  renew  un  acijuiiiatanoe  wiih  llumun  Ana- 
(amy.     The  aniuuot  of  additions  which  it  has  thus  received  may  be  estiuiuled  from  the  tact  that 
(b«<  present  edition  contains  over  one-fourth  more  mutter  than  the  laet,  rendering  a  smaller  type 
and  an  enlarged  page  requisite  to  keep  the  volume  within  a  oonvenieni  site.     The  author  has  tiol 
only  thus  added  largely  to  the  work,  but  he  has  also  ninde  alterations  ibroughont,  wherever  there 
appeared  the  op]ioriunity  of  improving  the  arrangement  or  style,  so  tit  to  present  every  fact  iu  iis 
moat  appropriate  manner,  and  to  render  the  whole  as  clear  und  intelligible  as  possible.    The  editot 
has  exercised  (he  utmost  caution  to  obtain  entire  aocuraey  in  the  le;it,  and  b.is  largely  increased 
the  number  of  illu.'ttrationa,  of  which  there  are  about  one  hundred  and  6lty  mure  in  ihia  edition 
than  in  the  lost,  thus  bringing  diitinoUy  before  the  eye  of  the  aiudent  evorylhtug  ol  interest  or 
Importance. 


I 
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TIE  AT  H  [CHRISTOPHER),  F.  R.  C.S., 

*-*  Ttacher  u/  Oiierultm  Sarj/ery  la  UnivfrtUy  Cotltgt,  London. 

PRACTICAL   A>;aTOMY:    A    Manual   of  Dlasections.     From   thl 

Second  reviMd  and  improved  London  e<litii)u.  Edited,  with  additions,  by  W.  W.  Kkek, 
M.  D.,  Lecturer  on  Putliologioal  Anatomy  in  the  JcSerson  Medicnl  College,  Pbiliidolphia. 
In  one  handsome  royal  l^^mo.  volume  of  &7b  pages,  with  247  iilustraliuns.  Cloth  i^  6U  ; 
leather,  |4  00.     (Lately  Puhliihed.) 


Dr.  Keuu,  tbe  Auienciia  ejllor  ul  ILI>  work,  la  bl» 
preface,  nayii :  "  In  [iroMibtlug  ItiU  .Aiuerlcituedliliia 
of  '  Uvutb  t  Fraotli<al  ALatuiiiy,'  1  U<ti  lUitt  I  keve 
beau  ia«U'uiuauliil  iD«uiiplyiHg  •  want  loug  Celt  fur 
a  f'ul  lifaiioctor's  niaoual, "  and  thiii  tuKerciuu  u(  lu 
edlloi  we  deem  Is  (ally  JasltBed,  after  au  exauilna- 
Mun  uf  lt*auo(euu,  Tur  It  I*  realljr  au  exculleal  work. 
ladeeii,  we  do  uut  he»iti>(i>  to  cay,  ibe  Lent  uf  ii»  elau 
with  wbish  w«  are  aciiunlaleJ  ;  roeuibliat;  WlUou 
In  terse  aad  dear  de>crii>tu<u,  excotUug  uio«l  o(  tlie 
•O-ealled  praetlcal  aaalumlcal  diHHectum  In  the  Mope 
of  tbeallbjeot  sod  procUcal  aalocl^d  matter.  .  . 
In  reedlux  tlila  work,  one  U  forcibly  impraased  with 
the  gr«al  palDi  the  author  lake*  to  luiprekn  Ibe  sub' 
Jeo(  apoo  tbe  mlud  of  the  atudeut.  He  in  full  u(  rare 
aad  plaaaing  llltlodoTlcee  to  aid  nemor/  to  lualu- 


'.alolng  Ita  bold  apoa  llie  allppeTy  slopes  of  analuniy. 
~St.  LvHts  JUc'l  iiU'l  Surg.  Junraiii,  Mar.  10,  ItiTl 

It  appeara  to  u*  tlertaio  that,  a*  a  guide  la  dieaec- 
:loQ,  aud  oa  a  work  couiaiuiog  facta  ul  auatoiuy  la 
brief  aad  eaally  uaderaiooil  lurui,  tbia  luauual  la 
juiaplete.  fbi*  wurk  coalalaa,  alao,  Tory  perfect 
[llaatrallona  of  parta  erhlch  daa  that  be  mitv  eoaily 
iudarat>>uil  and  «tudl«d;  in  ihla  rejip«rt  it  euro  pares 
'avurably  witti  wurka  of  much  grtialtrr  ptvleualoa. 
Saoh  luauuala  uf  a.aat«*(uy  i>r«  alwa/i  faV'irlta  wurki 
with  lueJlcal  ttadeula.  W«  wuuld  «arue<lly  rusom- 
mend  Lhi«  one  tu  thetr  atteatloo  ;  U  has  excolleacea 
which  luake  It  valuable  a»  a  gaida  la  dimeciiag,  oe 
well  aa  la  aludylag  noaliiui/. — Buffalo  MrJicitl  (iii4 
Surgical  JouTual,  Jan.  laTL 


nELLAMr{E.),F.R.  C.S. 

THE  STUDENT'S  GUIDE  TO  SURGICAL  ANATOMY:  A  Text- 

Book  for  iiiudent.';  preparing  for  their  Pass  Kxaminatioa.     With  engravings  on  wood.    In 
oiio  handsome  ruyul  Hmo.  volume.     Cloth,  $2  '2i.     (Ju.4t  Itmed.) 
We  welcome  Ur.  BvUaluy'a  Work,  a*  a  Cualflbu- 

tlon  tu  iheatudy  uf  regluual  asatutuy,  ufeiiual  value 

tu  the  aludeat  aad  the  aurgcon.     Il  ;^  tviiiKru  >vi  a 


\V«  caaaut  too  highly  reeomuend  M.—StudttU' t 
•/ituriial. 


Clear  and  i'uuel<.»  alylv,  aua  U«  pru'  '  i'<u» 

odd  largely  tu  the  lulcrvat  attacliiL.  .ical 

dotaila — Vhicagu  Mril  hxaninur.  ,.       ;». 

We  oordlally  cuogratolate  Ur.  Bellamy  upuu  bsv- 
lag  produced  II  — Mtd.  Timtn  and  Uuj. 


Mr.  8i-lUtny  hoa  apared  nopalna  to  produce*  real- 
ly lellablu  ntudaul  «gitl<le  tu  surgical  .luaiuiuy— oue 
which  all  candidalea  foraurgicul  dcisraes  m.iy  Ciu- 
•  all  wall  advoota^c,  auJ  WlilCh  puMaaee  uluch  url- 
giual  mailer  — Mul.  />rae«an<i  tfireu^ar. 


\ 
I 


JLtACLlSE  [JOSEPH). 

SURGICAL  ANATOMY.     By  Joseph  Maclise,  Surgeon.    In  one 

Tolome,  very  large  iui|ierial  qoarto;  with  6(i  large  and  splendid  plates,  drawn  in  tbe  best 

■tyle  and  beautifully  colored,  containing  lUO  Ggures,  many  of  them  the  siie  ol  life;  together 

with  copious  explamatory  letter-presi,     Strongly  and  handsomely  bound  in  olotb.     Price 

$14  00. 

We  know  >if  BO  work  on  surgical  anatomy  whleb  i  floaa  have  hitherto,  we  think,  been  given.    While 

can  eunip«te  with  It. — Uine*t.  the  operator  la  ahuwu  er«ry  veaael  and  nerve  where 

Tbe  Wurk  of  Macltae  on  anrgtcal  aoatumy  la  of  the  !  la  operailoo  lacoulemplated,  the  exact  aoatoinlat  la 

htgbeat  value.     lo  aome  reapecta  ll  la  the  beat  poblt- |  refreahed   by   thoee  clear  and   dlalinci  iii^Mjciluna, 

eatluu  i>f  Ita  kind  we  have  eeea,  and  la  worthy  of  a  |  which  every  one  maet  approclac*  wbo  baa  a  particle 

place  lo  the  llbiary  of  any  medical  man,  while  the    of  enihnaiaam.    Tbe  EugllKb  medical  prerii  hue  .|alte 

aludeal  could  tcarcflly  make  a  bettor  luveatmeat  than    exhaaatad  the  Words  of  praise.  Lb  reCuluUenUlug  this 

thta. —  TlwnttttrnJ"Umalu/H'<dictninnit8Hri/^ri/  i  admirable  ireatUa. — Buirion  Meet,  and  Surg  Juurn. 

So  aucb  luhographia  llluatratluns  ol  aarglcal  re- 1 


lARTSHOR.VEiHRSRr).  M.D., 

HANDBOOK  OF   ANATOMY  AND   PHYSIOLOGY.    Second  Edi- 

UoB,  MvUed.   In  tine  royal  ISrao.  volume,  with320  wood  cuts;  cloth,  fl  7&.  ijutt  lt%uMl.\ 


M 


Uenby  C.  Lea's  Yvsin^ioAXiovs—^Pkywiology). 
ARSHALL  {JOHN),  F.  R.  8., 

Pru/etmiir  u/  Surgery  in  Vnivtrtity  OolUgt,  £on<ton,  *«•, 

OUTLINES  OF  PHYSIOLOGY,  HUMAN  AND  COMPARATITT. 

With  Aildttion*  by  Fnxticia  OrnniT  Smith,  M.  D.,  Profenso 

eine  in  the  Univemity  of  Pennsylvania,  to.     With  aamerooi 

and  httndiiome  uctuvu  volame,  of  1036  p»g«s,  ololb,  $6  50  ;  le 
la  rnci,  la  *f>rj  r<t*t»Kl,  Mr.  Mar«biill  h»*  pr«ii«ai-    tire,  wtth  wlilcb  ir« 
•<i  u*  wlib  »  uiimt  cuiiipleto,  r«llKble,  lod  »eieDtlflo    thU  work  la  lh«  irrtu' 
Work,  ac'l  'w*  i»ri  innt  It  U  viirtby  oar  warmeft    •ion*  wouid  qoi  i  ' 
aomionudalluQ. — SI.  LuuU  Mtd.  Rtyartrr,  Jae.  lb6A.      fall  (■>  dojat'tice 

Wii  d'-abl  If  (t»i«  t»  lu  the  Bofl'.oh  laDjiunge  any 
•ompnad  of  (ibjrnluluiif  mure  a»»ral  \o  tbo  uladvol 
Ihaa  thl»  irork. — tit.  Lov-U  Mtd.  and  Svrg,  Juumat, 
Jan.  IM». 

li  qaltc  falfiU,  In  uar  uplolon,  tlie  aattaur'a  dvaign 
•il' inaklD(  II  truly  n(ti«rt«un<inn  IttoliarHCler — irbtcb 

U,  porli»i»,  Ibe  hlghe«t  cominendatlaD  tbat  e»D  b«    r""^*!.  .■.     ■     ,  '    '    ""     ^*      -  .  - 

a.lt«d.-J»«.  ^OHr».  it'd.  S^mvit.  Jan.  ISM.  J"'-"^  ""*  '"«''«•'  fi'"'"/*"''  "  •  s*«k*r  Wykf**. 

iigy,pi>u»ib«liii;r»imiirlcatiie  pitwitr*  ofcliMr«CM(lk« 

We  may   now  cuagraliilata  bim  on   baTloi;    com-    aod  graphic  III arti •Hod       wi>  h^r.<    -•"-•ly  tW  |t^ 
plowd  tbe  lalaal  a«  wall  a<  tbe  benl  •nuilnuryor  mud-    «ari!  of  bolng  abla  ta  r*rumnj  'akaam* 

am  pliyNioIiigical  acleoca,  boib  homau  and  conipara-    i>«rvedlya«thla,— ArtttaA  Jf'  '  "ir  il.ltW 


re<ialr<iA  a  r«rif 
lidorsblr  ; 
in  atraci; 
Lancet.  Y 

an.l 


'  •  «f  Xaa 

-.  *XM  lar|« 

-uda.  ftTM 

1*4      T>  afiaat  rf' 

■    \aed  ua 

lu  '•ir«*lTOT.aa4««a4 

r      r.iwrW«»Mkaba« 

*ag*  uf  kkawii 

,v-,i»,  curra«  jm 

n»cl«ntl»«a  t{ 

tU%««i 


pARPENTER  {WILLIAM  D.),  M.D.,  F.R.S., 

V  Bxumiymr  in  PhytioUtgn  nnd  Comparativ*  Annttnny  <«  the  Pntimrwtty  r>/  ItonSot^ 

PRINCIPLES  OF  HUMAN  PHYSIOLOUY;  with  their  cUkfajfi 

cations  to  P»ychology,  Pathology,  Therapentic*.  Hygieoa  ami  Furoasic  Ma4lr)fia.  A  M* 
American  froia  the  tai<t  and  rerieed  London  ^tiition.  With  nearly  ihrve  buniltoJiUaatniiqa 
Edited,  with  additionti,  by  Fbancih  ODanRT  SMira,  M.  D.,  Profctaor  of  the  iaaUlala^ 
Medicine  in  the  UnirerKity  of  PenDiiylvania,  Ac,  In  one  very  larg«  aail  b««sU/«l  MMft 
Tolumc,  of  about  9U0  large  pages,  haudjiumely  printed  ;  olotb,  $$  Mt  i  l«ath«r,  imk«4  %amk. 
|S  60. 

Wa  doobt  aot  If  la  4aaUa«>d  to  rMata  a  atfaai  yit 
00  pabltc  faTor,  aad  ramalo  iba  f»r<irii»  im  >««>  t* 
oar  auU«go«. — Vlrffinbi  Jtmlfmt  ^«^nai. 


Witb  Dr.  Smith,  w*  eonfldeotJy  belleTa  "that  (lie 
prevent  will  uxirs  ihun  aantain  th«  envlabla  repatH- 
Hon  alieiidy  «ltiiined  by  formor  edition*,  of  iMiing 

one  of  111''  fiilli-l  •o'l  iiM.»i  cinplele  (rejitiiietion  lie 
anbject  111  ii«;«."     Wa  know  of  uous 

from  111 <'  1 1  tnfiiclnry  knowledge  of 

the  phyi-:  i  iTiitaUiiiCKD  be  a*  well 

ObUtlued,  ij^'ui' LutUT  iijiit<led  for  tbe  una  of  anch  a< 
take  ap  ihv  nindy  uf  phyclvluKy  la  lln  reference  to 
the  loKtli  lien  aud  practice  of  medlelne.— ilm. /our 
JTad.  Stitnct*. 


The  Bbovf 
grent  Work  ' 
it  would  b- 
tblng  to  t^<- 
can  only  lu^ ' 
laflnenee,  i. 
JourmaL 


omptuatmiifm* 


DT  TUB  SAMB  A  VTUOS. 

PRINCIPLES  OF  COMPARATIVE  PHYSIOLOOT. 

ean,  from  the  Fourth  and  Rerifed  London  Edition.     In  on*  larg«  ar- 
Tolume,  with  over  three  hundred  beautiful  illuHtmtioDf      Pp.  753.     CI'- 
A«  a  oouiplete  and  condensed  treatiee  on  ita  extended  and  iinpurlant  utibject.  t^i*  wurk  hKooa* 

a  neoeasity  to  »tudeot«  of  natural  science,  while  the  very  low  price  at  which  H  U  nitmtti  bWm  U 

within  the  reaoh  of  all. 


iriRKES  [WILLIAM  SEN  HO  USE),  M.D. 

A  MANUAL  OF  PHYSIOLOGY.     E«mctl  by  W.  Morrawt  Bakw, 

M.I).,  F-R.C.S.      A  new  American  from  the  eighth  and  ImproTed  Londoa  edilig«.     Witfc 

about  two  hundred  and  fifty  illnatrationi.     In  one  large  and  bandaome  roy&i  I  Tut   r^ 

uroe.     Cloth,  $3  1i\  leather,  $3  "!!>.     {Lnirh/  lunfl) 

Kirketi'  Pbygiology  hiii  lung  been  known  as  a  concise  and  exceedingly  eanrvtiiaol  taxt-hoeft. 

preiienting  within  a  narrow  compass  all  that  is  important  (or   the  stodent.      The  t:\  i'iit^  aiii 

which  successive  editions  hare  followed  each  other  iti  Kngland  b««  enabled  th«  «•• 

thoroughly  on  a  level  with  the  changes  and  new  disooveriei  made  in  the  soienec,  « : 

edition)  of  whioh  the  present  is  a  reprint,  has  appeared  eu  reeenlly  thai  it  may  b*  rixKni^a 

the  lataat  aooMaible  expoaition  of  the  subject. 

On  tbe  whole,  there  la  very  little  Id   tbe  book    ger  lext-booka  of  Carpeaior  ■•'  u..r.y.ti      t 


which  either  the  sltideDt  ortiraeliiiontir  wUlnotflnd 
of  practical  value  aad  couii«ieut  with  onr  present 
knowledge  of  tb>e  rapidly  o banging  fcleoce  ;  and  wa 
bare  no  bvsltatlon  In  exjire'iilng  oar  opinion  thai 
thU  elgblh  edUioD  Is  une  of  the  bent  haodbooka  on 
pliyalulugy  wblcb  we  have  In  oar  Uugaage.— ^.  Y. 
Mmi.  Keeurtl,  April  13,  197S. 

Tbl«  volnrna  might  well  be  oted  to  replace  many 
of  the  phyxtuluglcal  text'buuk>  la  aa«  la  ihUeoua- 
trjr.  It  reprvseula  mura  accuralelf  iban  tbe  works 
uf  DaliuB  or  Flint,  the  prataut  stale  of  unr  knowl- 
edge of  Ukost  physiological  qneatiooa,  while  11  la 
tu  uch  leas  bnlky  and  fkr  note  readable  ihaa  the  iai- 


la  admirably  a4apta4  tu 
stti'leuM. — ^ivfvn  JtmL.  n  > 

lo  lis  ealari^d  f->ria  II  la.  la  oar  Q|ilal«««  ailll  I 
best  book  nn  fhT»*"*''ey,  mn*i  niafui  t«  lb*  at«^ 

—PMlu    •■    ■     - 


Till, 
pby.l 

li  lu 
|.hy»l.. 
IMtuU  a   .. 


'-*  aiaAaals  a( 


HiivaT  0-  LiA'fl  PuBLiOATiowa — (Physiology). 
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nALTOiW  {J.  C),  M.D., 

-'-'  Pr-'/'tinr  It/  PHj/rioIr-ffv  in  lh«  OnllKgt  of  PhytrtrUtn*  nnd  Unrgmiu,  Ifivi  Tork, 4o. 

A  TREATISE  ON  HUMAN  PHYSIOLOGY.    Desigued  for  the  use 

of  Students  and  Pr(u?tUioaer»  of  Medicine.  Fifth  edition,  revined,  with  neiirly  three  hun- 
dred illnRtriktion8  on  wood.  In  one  very  beautiful  octavo  Tolnme,  of  ov^r  700  )>*gei.  olctb, 
$S  25;  leather,  $A  25. 

Pre/an  to  tk»  Fifth  Etlili^H. 

In  prepariDg  the  preMOt edition  of  thia  work,  (be  f;eneral  plan  nndarmnKemant  nf  the  previAua 
•ditioiis  bare  been  rrtained,  ea  fnr  as  they  biive  been  found  uteful  uiid  niriipteil  to  (be  purpi)!<es  of 
ft  toxt-book  for  student.')  of  tnedioine.  The  incemunt  »dv»n«e  of  iill  th^  natural  eml  pbysioal 
xsienoeg,  never  more  active  than  within  tb«  lD<t  Svc  yenri,  ha«  furnisbe'd  mnny  vnlunble  niil;  to 
theipeoial  ioveRtigntioni  of  the  phy8iologi»t ;  and  the  pr(igret>ii  of  phrsiologica)  research,  during 
the  tame  period,  hn»  required  a  onreful  rrvirion  of  the  entire  worit,  and  the  modiQontion  or  rr- 
arrangemifTit  of  many  of  it«  piirts.  At  thi«  day,  nothing  is  regarded  ao  of  any  value  in  nuliiral 
■cience  wbit^h  {•  not  baaed  upon  direct  and  intelligible  ohnerTation  or  experiment;  and,  aocnnl- 
ingly,  the  dincustion  of  doubifal  or  theoretical  questions  ha«  been  avoided,  at  a  general  rule,  in 
the  present  votnroe,  while  new  foct^,  from  whatever  •■nurne,  if  fully  e«tabli«bed,  have  been  adiled 
and  incorporated  with  the  re<ult«  of  previua!>  inve^tigiilion.  A  number  of  new  illuttration*  hitve 
been  introduced,  and  a  few  of  the  older  ones,  which  eeemed  to  be  no  longer  ureful,  have  been 
omitted.  Inall  thechftngeeand  additioni>tbn9  mnde,  it  has  been  lh<i  aim  of  ibe  writer  lo  mnke  the 
book,  in  itfl  preaent  form,  a  faithful  exponent  of  the  iwtaal  eonditioni  of  physiological  toienoe- 
Vtw  ToKK,  <>clober.  1871. 

In  thi«.  the  t>tandnrd  text-book  on  Phyilology,  all  that  ia  needed  to  mnintntn  the  fit  vor  with  whioh 
It  is  regarded  by  the  profrji'ltin,  U  the  author's  usa ranee  thai  it  has  been  thoroughly  revitied  and 
brought  np  to  a  level  with  the  advanced  seienoe  of  the  diiy.  To  aeoomplisb  this  hag  required 
some  enlargement  of  the  work,  but  no  advance  hoa  been  and*  in  the  prioe. 


The  tm  edittoD  of  ihli  trnly  ralnable  work  on 
Hamna  I'hjriilAlogy  comna  to  at  with  many  valuable 
liDproveni«Qli>  itad  addlllonii.  At-  a  iest<book  of 
phyilology  the  work  of  i'rof.  Diilloa  li«c  long  beea 
well  known  a*  one  of  the  b«»t  which  could  bnpliced 
to  the  li«ad«of  »tad*ol  or  praetitfonnT.  I'rof,  Uallon 
kAt,  Id  the  oevenil  edition*  of  his  work  bvretofore 
pnh1Ub»d,  labored  tok«rp  ntep  with  thendraoeemsot 
in  neli^'orA  and  ikelaM  Mltloo  ahoviby  lt«iinpr<>ve- 
menta  od  former  one*  that  he  U  deteriniDe<I  to  main- 
talo  the  higb  standard  of  tala  work.  VVp  pr<>dlcr  r-ir 
the  present  edition lacreased  favor,  tbouicti  thu  work 
haa  long  been  the  favorite  KtaBdard. — Buffalo  Med. 
and  Surf).  Journal,  April,  1S72. 

As  exteoded  notice  of  a  work  to  generally  and  fa- 
vorably kauwa  anihUla  uuaeceMary.  II  I*  Ja*tly 
regardi-d  aa  one  of  the  moat  valuable  text  buokii  oa 
(he  «abj»ct  Id  the  Eogllab  laaguage.— 5(.  LouU  Med. 
Arekivai,  May,  1873. 

We  koow  no  traallse  Id  pbystology  »o  oloar,  com- 
Blete,  well  anal  mil  iitvd,  and  jMrfertly  difcited,  a« 
ballon'a.  Ka  never  write*  cloudily  or  dabloasly,  or 
In  mere  qnutation.  He  a*>lrollate*  all  hi*  material, 
aod  fi'oui  It  eiinxtroelK  a  hunirigeaeona  traasparpnt 
ariiument.  wtilcbl*  alwafuhoooEt  and  well  Informed, 
and  hldea  neither  truth,  Unuranee,  Di>r  doubt,  ro  far 
K»  eiibar  belnoa*  tn  the  tubject  In  baud  — Srit.  Mid. 
Journal,  March  2S,  lit?!. 


*uy 


tu<l, 


Dr.  DaUon'<  trenllae  la  well  known.  An>l  bv 
hiKhlyiwleemed  In  tutu  country  Ii  1», 
elnmvnlary  treulUe  "U  Iho  nobject  i 
teach,  and  mHy  XiifeLy  b«  pat  Into  l)t(>  i 
llab  «tad*nt».  It  bat  one  gr<>nt  merit — It  l.t  do 
OB  the  wbule.  aduilraMy  IUni>tratrt4.  Tlje  part  we 
have  always  eileemed  mntl  highly  U  that  relallog 
to  Embrvology.  The  diagrams  glvea  of  tbe  ntrluus 
stage*  o/dere'lopm«Dt  five  a  ole^rnr  vIhw  ufibeaiib- 
Jaci  than  da  tbote  In  genaral  nsa  In  ihls  eoualry  ;  and 
the  text  may  bo  suld  to  be,  opuu  lh«  whole,  aqnally 
elear.— Loa.dlt<n  M«d.  Time*  and  fJoMftU,  March  S.1, 
1S7«. 

Dalton'a  Phyalol'^T  la  already,  and  deservedly. 
the  favorite  text-book  of  ihe  nsjorltf  of  Amnrlcaa 
tni^dlcal  student*.  Treating  a  mn<l  loterantlng  da- 
partment 'if  »cl«nce  In  his  uwn  pecnilarl)'  Iirel7'and 
fiKdnailng  'tyle,  Dr.  DAlton  csrrieK  bU  readvr  ulung 
wllhunt  etf>.<rt.  and  at  the  ><»mi>  time  Impresnes  npcin 
bis  mind  the  truths  lanRbl  ninch  mortf  •ucrrasfiilly 
tbuo  if  tboy  wern  buried  be>i«alh  a  mulrl|iid«  of 
words —«:(«'»«'i»  Cilu  M'd  Junrrvil,  Afrll,  1.172. 

Profetaor  Dalloo  l«  mitarded  justly  n*  th*  antborlty 
In  this  cniiQir;  oa  pliV'ilolngl^sl  •nMrrt^  uiH  il,« 
flflli  edlti>>n  ''•r  his  VMluuM*  Wurk  full'  '  4 

I'XalIrd  (iplnion  the  m>'<ll'.'»l  wurlrt  h.i-  i .. 

ThU  U>tsdlliiiDUgrK»tly  anlargoii  —  li    ,      .         ,,». 
4c«'  «a«uret.  April,  1871. 


: 


I 
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rkDNGLIf^OS  [ROBLF.V).  M.D.. 

■*-'  Pr<./r>jr«or  nf  1-n.iitUfUf*  nf  Medtcine  in  Jtfftrtrm  Medical  fJdlUgt,  PMUuMphta. 

HUMAN   PHYSIOLOGY,     Eighth  erlition.     Thoroughly  revised  and 

extensively  modified  and  enlarged,  with  five  hundred  and  thirty-two  illiutratious.     In  two 
Urge  and  handsomely  printed  octavo  volumes  of  about  1504  pag«8,  olotb,  IT  00. 


T  EHMANN  {C.  G.). 

PHYSIOLOGICAL  CHEMISTRY. 


Translated  from  the  second  edi- 
tion by  Oeorsk  B.  Dat,  M.  D.,  F.  R.  S.,  he.,  edited  by  R.  E.  Rookrs,  M.  D.,  Profeiicor  of 
Cheinii«try  in  the  Medical  Department  of  the  Univrr^'ity  of  Pennsylvania,  with  illuftratinna 
selected  from  Punke's  Atla«  of  Physiological  Chemistry,  and  an  Appendix  of  plates.  Com- 
plete in  two  large  and  handsome  octavo  volnniea,  coataining  1200  pages,  with  nearly  two 
hondred  illustrations,  cloth,  %f>  00. 


TOT  THB  SAMS  APTUOS. 

MANUAL  OF  CHEMICAL  PHYSIOLOGY.    Translated  from  the 

Qerman,  with  Notes  and  Additions,  by  J.  Cbestok  Morrii,  M.  D.,  with  an  Inlrodoetory 
Kssay  on  Vital  Force,  by  Professor  Samdil  JACKSoit,  M.  D.,  of  tbe  Cnlrereity  of  Pennnjl- 
raala.  With  iIliutr»ttons  on  wood.  In  one  very  bapdjtome  octavo  volume  of  33A  pagea, 
elotb,  13  2i 
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A  TTFIRLD  [JOHN).  Ph.  P., 

■^  Pro/«..ir  of  pr^rtlrnl  fhtmittrv  (o  (A«  Pkarmar*%tU^I  Botttty  o/Ormai  arttatm.  *». 

CHEMISTRY.   GENERAL.  MEDICAL,  ANP  VHM  riT 

lncltiHiti(!  the  CbfTnintry  of  the  U.  B.  Pbartnarotx»»»-     A  Mtnuiil  os 

of  the  8oienc»,  and  thifir  Applicntion  to  Medieine  i>nd  Pharin««y       Mnn  K-i'tun.  rtrr...i 

bv  the  mitbor.     In  ooe  hnnrUoin*  royal   Umo.  voloma  ;  cloth,  $1  74;  U»lk«r,  t>  1» 

(hat fly  Ttntrd.) 

No  othor  AniorlrKD  jni).llf»Jli>n  with  wblrh  wr  nrn  I  eiir»<»"l  In  in«difln»  knd  p>i«n»ikrT,  •»<  w»  k»»rr  ' 
^p  j,,„,gd  P.,T.'r«llH-«ni<-,:ri.nntl.i)ril.>f»tl«ii  w«ll  flommeBd  It  to  oor  r«wlel».— Ctan«Ai  £«•«<.  iw: 
In  uddtdon  l.'Ku  xp...*  ..f  tk.»  foci*  »Dd     IS71. 

nrlniitpl»«  <>f  Ifoii'  'V  cl.MiiUtry.  the  i»n- 

Ihiir  I)**  !*'■"»'»'•"'  lul^n'ril  "I'funfprae- 

llfil  ninil".  Jo*'  •'I"  li  i>'-  '!"'  tiintlriil  >lnd»ni  *nd 
prii«lili"nor  n«»d<i.— '^"ff'nii/r  /..inr>if,  Mur  1S7J 

W«  conimond  11)'  work  l)H«ri1lj  ii>  <io»  ff  the  be»l 
l«x(-tinnk»  ■stkot  f'T  the  uiedloiil  alndiiDt. — Dtlmii 
Rn.  of  3ll*d  and  F><nrm  .  Feb   IMU 

The  be«t  work  <>f  Ihe  klud  In  the  EDgll>h  laDgnag*. 
—  If    T.  Prtl''^"'"P*''"'  J-^umol.  }»o.  1*72 

The  Wnrk  le  cxtKlrncted  with  lilrerl  reference  to 
tlie  veno  of  medlml  i>od  |i1ierfi>»<>eDllr*l  Mudenti  ; 
and,  ulth-'mfh  »n  Kngllt-li  w.jrk,  the  p"ln(»of  diffir 
«Dr*  helween  (be  British  and  United  Stxlm  Phurtnii- 
eopwlec  »rr  Indicnted.  miiklti*  l(  «•  (i^efnl  here  »•  In 
Kngliiad  Altnoetlier  Die  lv<>'>k  le  one  wn  CKD  heirl- 
IJy  recumtnend  I'v  |ir«eilii">ner«  a*  well  ta  atadeiiUi. 
—jr.  r.  M'lt.  JoHrnnl,  Dec    1871 

It  differ*  rr"in  other  lexll'Ooke  In  tbe  fullowluii 
parttcuUre  :  (Imt,  In  the  exrlnrlnti  of  Itiiitler  reUtlBK 
|f»  cotniKinnd.  whieh    at  lire»eoi.  are  noif  nf  1nt«re«|     i 
to  the  «deDllf  r  eh<'tnl*l ;  >efoadly,  In  maialDlns  the     ; 

chemistry  Of  eTery  aiili'tance  r*co((oli<J  •ifflclelly  or    •!(... u...       ... ,.,.,.,.,  ,..r  .,-...- 

Id  general,  ai  a  remedial  *ir#Dl      Tl  will  befoand  a  |  to  bnth  teaelier  and  j/apli.—orrfom 
roual  Taloablebook  for  pDplU.aMlalanl*.  and  other*  '  Soportor,  Oct.  1871. 


Wbeo  the  orlflaal  Bnylteh  aJlllna  *# Ikk* wiaek  V' 

pnbllabed.  w*  had  ">■ -'■ — ' 'j*   ■ 

pr»elall(iB  ot  lU  w.m 

aldantble  detail,  Dm 

Ibe  arr:i-     -    -  ■ 

Ibe  lex  I 

mer  pni 

the  <roiir,.i  0 

lentloD  to  a  tijr 

rican    work— 

fheinUtry  of  ' 

Pharmacopal 

itnlhiirUjr.  —  i  ..'•■■ 

Nov.  187). 

Cliemlatrjr  haaborna  Iba  Ban>«  of^atac  akarA 
Jecl  to  majiter  by  "■-  .•r,.i.r,i  ,,r  ..-.ti^^^ 
chiefly  heraaa*  ko  h 
ouW  of  tnlereet  toth 


y 

■  4«* 


F 


OWXES  [OE0e4fA.  Ph.D. 


A  MANUAL  OF  ELEMENTARY  CHEMISTRY;   Tlieoirtlc*! 

Practlonl.    With  one  hundred  and  n!netj-«eren  illujtrstinna     A  n»w  Araariaaa,  trmm 
tenlb  and  revised  London  edition.     Edited   by  Rohurt   BNinoKH,  M-  D'     In 
royal  12mn.  rrdame.  of  abont  850  pp.,oloth,  %ilb,  leather,  $3  35       (LtftAf^ /MMrf.) 
Tbia  work  i«  «n  well  known  that  II  aeetna  almoal 

•nperflnoiia  for  ne  to  npenk  abotil  It.     It  baa  been  a 

favorite  text-hook  with  me'dlcal  'ladeota  for  yeara, 

and   lt«   piipniarlty   ha*   Id    no  re>pect   dlmlolihed. 

Whenever  we  have  be-eo  eonanlted  hy  medleal  »lu- 

deat«.  aa  has  freqneBtly  orcarred.  what  treatUe  on 

ehemletiT  they  »hootd  protare,  we  have  alwaya  re- 

<oiiiinend<-d  Fnwne*'.  for  we  regarded  It  a*  the  be»l. 

Th«re  I*  do  work  ibnl  conililne*  »o  many  ezcelleo- 

«ea.      II  I*  of  cnoveQleot  •!».  nnl  prolix,  uf  plain 

pereplenona  diction,    roMl«ln»   all    the   tli'xt   recoqt 

diernvorlna,  and   l«  of  mmlerate  priea. — OtHcinncUi 

Mtit   H'pMory.  A  tig  1*6fl 


>th*r  work  ibat  baa  greater  cUlina  oa  Ike  Mf*Mnb 
pfaamacAatUt,  or  •ladeai,  (baa  ibU  Wa  eltaairfM^ 
re«ommflDd  It  a«  (he  be«l  text-book  •»• 
ihemUlry,  and  heapeak  for  it  tb«  f«r»ral 
■>(  >tadeata  of  phariaaey  — C>iiMtffn  i 

Hare  la  a  new  edition  wbleh  ha*  been  loaa  «atoba4 

f,.r   t.V   ,v.,.,.r   l,.>,,>,,r.    or    rl,..,„i..,»  !,     ''--"Wf^ 


I^rga  addltlotta  have  been  made,  eapeelally  Is  tbe 
department  of  organic  ebemlatry,  and  wa  kaow  of  a« 


II  will  con  tin  Be,  a*  heretofore,  to  hold  tlteftt«lr*a* 
t»    a  text-book  for  at  odea  ta  of   BOtlftaB.— C 

W«f.  S»^mfaer,  Aa«.  ISm 


JjhHutt  on  nhrmiitry  ot  St.  ttnrtli/ttvnunt't  Butpititt,  *^ 

A  COITRSE  OP  PRACTICAL  CHEMISTRY,  arranged  for  thm 

of  Medicnl  Rtudenta.    With  IllnBtrnttoni.    From  the  Fourth  and  B«rlM4  ~       ' 
In  one  neat  royal  ISmo.  Tolume,  elotfa,  f  S. 


flA LLO  WA  r  {HOB RRT).  F.C S., 


A  MANUAL  OF  QUALITATIVE  ANALYSIS.     From  the  Fifth  Loik 


don  Edition. 


In  one  neat  royal  ISmo.  Tolume,  vith  illattraiion*  j  olvth.  #t  M.     {JmM 


The  fiuccene  which  hae  carried  thii  work  through  repeated  editiotki  In  Bnclaad,  aad  ita  a4oytlM 
afi  a  lext-book  in  (everal  of  the  leading  in«litution«  in  thti  country,  «buw  Uiat  Ike  kaUiae  k^  m#* 
ceeded  in  the  endenTor  to  produce  a  sound  praolioal  manual  and  book  of  nfmr*ntm  tu  tk*  ek*- 
mical  madent. 

Prof  Oalloway'a  book*  are  deeervedly  Id  high 
•  ■teem,  and  thl«  Am<*rlr«n  reprint  uf  the  Iflb  edition 
(If^An  .■•  i.u  v.,Mial  of  QQalliatlv*  Analy>l*,  will  be 
ac<'>  >iy  American  alodeai*  to  rhun  the 

Enj  '  not  aeceealble. — Am.  Jvur.  uf  Set- 

tntt ^*pl.  ll>7i.  I 


Wereaard  Ibl*  volume  aa  * 
lb*  eheiiilral  lexl-l">ok>.  and   * 

»,...,!    ...    ,,..lr,,r.    Ih,-   .l„,l.„,     1.. 


i  Sept.  itIX 


.,._  -^_  -.™-.  V 


ia**aa4 

J 


HzNar  0.  Lba's  Pubuoations — (GhemiMry). 
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nLOXAM  (C.  L.), 

•*-'  Pm/iforo/OHrmtrtrffin  Ktng't  Colltg*.  LtmdoH. 

CHEMISTRY,  IXOKQANIC  Ax\D  OIIOANFC.     From  the  SeromI  Lon- 

don  Edition.  In  one  Tor_r  liitniUnnie  ootoro  volnme,  nT  TOO  |>«gM,  with  At>oat  300  llliutrft- 
tiont.  Cloth,  $4  00;  laiitber,  $b  00.  (Lulely  Iui<t4.) 
It  bus  b«pn  the  author's  en<t«nvor  to  prodnpw  a  Tr»i»tifn«  on  Cheiniflrr  aafflciently  comjirfhen- 
vivF  for  thove  iitudytng  the  loienae  na  a  Virnnob  of  i^  nern!  e>)aoali»n,  and  on*  which  >  <liidrnt 
in«y  DM  withadrHnia^e  in  parsiaini;  hi!<olit<iiiiCi\1  ^tud  i  nt  one  of  th«  collrp«5  or  meilicnl  ichooli. 
The  ipeoiul  nttenlioD  devot«d  In  Mrdilliir^.v  nn<l  snuieotlier  bratichrxof  Appliail  Cli«nii?<tT,v  rendart 
the  work  es|>eciall]r  useful  to  tho(i«  who  are  being  eduouted  for  eiiipIo}rment  in  maDufactare. 
We  h«»»  )a  ihle  work  «  enmplota  »nd  miinl  ««ic<'l-    <i!crx?rlini)iil  hRi-i?  Imcd  w.jfltxd  ii|>  wlih  Aajioctil  <'»r«, 


leal  text-honk  for  ib»  u-<e  of  icfaool*,  and  cun  be&rt 
11  jr  r««oniiu<<Dd  II  na  lacb. — Barton  Mtd.  and  Surg. 
Journ.,  »».j  2S.  1874. 

Of  all  Ibr  oam^roat  work*  npoD  rUmantary  ch«m- 
Utrjr  Ihdl  hata  be«>a  polillnlieJ  wifhiti  tha  Ual  frw 
jtAT»,  wv  can  pulot  to  n<>o»  Ibiil,  in  fulofnit,  aocuracjr, 
aad  itlnipl;rlir.  can  «nrp«i-  tM«  :  wl  llo,  la  Iti"  nnra- 
hf  .1  *.  al»n 

lu  -T*  IC 

Bt.i '  coqn- 

Irjr  .    Tl  I  »«ll- 

eU»,  and  trorj  t  ex- 

perllnoulx,  wh  -  ,  irh  by 

lh»lr  i-impllfliy  .i«  i.v  n,.-n  idr.-ri  r  .n- liinivro***, — 
CMenf/n  M'-i.  E:r'Jm{nfr,  Hot.  13,  IN7S. 

It  U  <<|i|nni  ihAl  In  Iho  •iime  o<iuipaaa  >o  cotnplats 
•ad  InlerKiillug  a  caiopandlam  <if  ilin  leaillof  Auita  of 
eheiniatry  iaolTrred — PrU{/iitrti'  Cireul'ir,  V<iv.  '73 

Th^abnrvia  ibo  tltlfior  a  work  which  we  can  moat 
•oaael*alt<ia«l]r  recotnmand  to  •tintriulu  uf  elietnialry. 
It  l»  aa  caay  aa  a  workou  eheiiiUlrr  oinid  ha  made, 
•t  tbn  Miiir  llrne  Ibal  It  prea<<uta  a  full  arcouut  of  that 
•dpuru  an  tt  now  ulaod*  Wp  hair«  tpokno  of  lLi« 
workanHdnilrably  adapi(>d  li>  lh«  wnal»i<r«(ud«nla  ; 
It  U  niiitrt  a*  well  laliitd  to  thi"  rAqnlmnoiiti  of  prac- 
UtloD»r»  wlio  wish  lu  r<ivl«w  tbeir  rb<-uiUtrT,  nr  narr 
0«*a»liiO  to  refrMti  ihi-lr  uieiuorir*  on  auy  pmIijI  r«- 
lallbg  to  II.  Id  a  word.  It  1*  a  bo^-'k  to  bi>  raad  by  all 
Who  wUh  to  koow  what  l«  the  cliouiUtry  at  th«  pr«>. 
aaal  lity— American  PmetiHunrr,  Kuv.  ISTl. 

Amoor  (ha  Tacioiia  worka  iip<»B  gi>D»ral  «h#rol»lry 
ta«a<>d.  w»  kaow  of  o»ni>that  will  «u|iply  tho  «Ti>r»|;e 
wania  or  the  •todeol  or  lriich«r  bvlier  Ihau  thU. — 
iHitiann  Jouru.  u/  it<il.,  Sfo*.  IST.I. 

We  cordially  welcome  ibl*  American  reprint  of  » 

work  which  ha«  already  won  forli--" "-'■^Bllal 

a  repatail'in  la  EuzlHDd.    Pr<ire«>>'.  ■  eou- 

deoaed  Into  a  woaderrally  aioall  c   ■  ■•  lin- 

porlanl  priudpla*  and  facta  uf  i. .-.,,,....  .ck'uc«. 
Thoroogbly  imbued  with  ao  culhu*Ln»ilc  tuTefurtbe 
aci«BM  beezponndx,  h^  baa  atrlpppj  II  nf  all  o*ed- 
leae  teehalcaUtiiiii,  «Bd  r<>iind<>d  iial  It*  hard  oUlllDvt 
by  a  ralao*«  of  lllaxtrallon  that  cannot  fall  to  attract 
»Qd  dellnbl  the  atudeut.    The  deUila  of  lllnatrattve 


llv  11, n  lupalllna- 
'  rmd  bla 
:  tin  what 

,  -  -,     baeuio. — 


and  many  nf  the  «xperlin<*iitadi?«crih<id  are  both  new 
aud  alrlktug.— iletfwtf  McD  t/  Mitt.  a>i4  fhurm  , 
>■«».  1873. 

'•»e  of  ibe  b(!»t  (fxl-booka  of  ehainUlry  yet  pnb- 
lUkcd  —  fWd-cipo  MrA  Jimrn  ,  So*    ISTJ". 

Tbta  l«  an  excellent  Wirk,  well  adaptod  For  the  ba- 
ginocr  and  thp  ad  van  cod  atndent  uf  vbrmlatry. — Ant. 
J'oiim  nf  Ph'irin  ,  >'.>».  IST.l, 

Probably  lh»  mo«l  ralqabta,  and  «l  Iha  aama  |lnta 
praoiieai,  inxt-book  no  ipinaral  ohauii'lqr  oKttal  la 
«ar  lauKuaKe. —  &'»p»«a«  IHty  Afarf.  Jnurn.,  One.  187:1. 

Prof.  BliiK.ini  P.I »c"  pn-.«-l;il 

bit!  aifi  of  I 

bookk,  for  I 

other  aoiL   I  ,        ^ 

Va.  CHnienI  AVi-.,f.i.  A'uv    loTJ, 

II  wuald  ba  diOeuli  f-<r  a  prirtlfal  ebrtnUt  nod 

laarb<>r  l'>  Sod  any  rn»->  -  art- 

mlrabln  irnali-e.   'The.  ,.i» 

ryclopc'lla  wtthio  the  ihi  u,*, 

and  ha*  done  ao  wlth.tui  ii^titi  uj  i  .r^. 

frapha  loo  commooly  making  up  a  .-<  iha 

d1  k,  of  iiiHnycambrona  worka.    Tb-*  •cl- 

:  ^lUappoinFiHl  wh«"0  hfl  I'M  "td 

taloalile  priici>i*n«  and  il  .||« 

-  COO-<TTBllTKdiiCa   DOl   fl  I  l.uv 

'V-  uacertatn  thoortraaatl  -  A 

ht  of  «scaT'llftiic<«  l«  Ihecrj"  ::i  of 

la  which  great  inithi  u  :  in 

wiy  bLuiI  paragrapha  Our  t«  anrpruod  ul  11. u  brlnf 
apuco  alb'ltml  to  an  Itnporijinl  tuplo.  and  yot,  afier 
readipic  It.  be  focia  that  Utile,  If  any  ni»r«,  ahould 
bare  bren  aald.  Allogrlhvr,  It  !>  aeldoin  yon  tne  k 
rext-bnok  no  nearly  faultSeaa.— L^laetanaff  LanouL 
*\o».  1873. 

Vr'(f^»'^r  Bloxam  baa  glrao  na  a  moat  excnileal 
and   naefal   practical  Ireatlaa        HIa  (i6A   pngea  are 

crowded  with  facta  and  ejfiarlm -    ».^,.iy  ^(j  ^j|| 

eboaeo,  and  maay  •{Ulte  aw,  r  flc  man. 

.  .  .  It  1«  aatonlabing  bow  mn.  '<lii>  often 

eonveya  in  a  few  paragraph*.  '.. .;  ,„.,.,i  .(unioony 
Inalancea  of  thle.— C-7mi)Mc<i/  i/mm. 


I 
I 


JTTOHI.ER  Ayr)  FTTTIG. 

^^   OUTLINES  OP  ORQANrO  CHEMISTRY.     Trniislntcfl  with  Ail- 

ditionf  froin  lb«  EiKhib  Gurtuan  Eiliiion.     By  Ira  Bshski,  M  D.,  Ph  D.,  ProfeAnor  of 

Chemistry  and  Physics  in  Wiltiuiog  College,  Mass.     In  one  baadiiaiue  volntue,  ro^nl  12rao. 

of  660  pp.,  ototh,  $3. 

Ae  the  nameroasedttioni  of  the  original  attri>t,  tbi*  work  it  the  lending  text-book  nnd«tandard 

authority  throughout  Oennany  on  it*  important  and  iotrioate  subject — a  poxitiuD  won  for  it  by 

the  elenrneta  nnd  conoisenrss  which  are  il4  dislinguisbing  ehitracteri«tics.     The  Irunslatinn  bi»a 

beeti  eieoutrd  with   the  approbation  of  Profs.  Wuhler  nnd  Filtig,  nod  numeroas  nddiliona  and 

•Iterations  have  been  introduced,  lo  ai  to  render  it  in  every  regpect  on  a  level  with  the  most 

advanced  cooditioa  of  the  science. 

^0  WMA y  (JOHN  E.).M.  D. 

PRACTICAL  HANDBOOK  OF  MEDICAL  CHEMISTRY.     Edited 

by  C.  L.  Bloxak,  Professor  of  Practical  Chemistry  in  King's  College,  London.      Sixth 
Aneriean.  from  the  fourth  and  revised  English  Edition.     In  one  neat  Toluma,  royal  UmQ. , 
pp.  3&1,  with  oomerouf  lllustrKtioni,  olotb,  13  36. 
QT  TBB  8AUB  A  r Thus.     (/.,»/Wy  /*»«.r</  )        

INTRODUCTION   TO   PRACTICAL  CHEMISTRY,  INCLUDING 

ANALYSIS.     8i»th  American,  from  the  sixth  and  revised  Londoo  edition.    With  numer- 
ous illustrationi.     In  one  neat  vol.,  royal  ISmo.,  eloth,  $2  2i. 


the  Arts,  nnd  to  .Vanafk«tnraB.    With  Amarlenn 
•iditlone.  by  Prof.  Wairaji  S.  JosMoir.    In  two 


very  faaadsosae  a«t««o  rolUBM,  wlib  Vtf  wood 
eagTnTiitfk,  eloth,  tB  <Hi 


d 


Henbt  C.  Lsa'b  PuBLiOATiONa — {Mat.  Mei.  and  TherapettHetV 


pARRlSn  (EDWARD), 

•'■  Unit  ProftMaor  of  Maitrin  M"iim  in  thr  PHUatlrlptitn  OnlUg*  »/  i 

A  TIIKATISE  ON   PHARMACY.    Designed  as  a  Text-Book  fortlM 

Student,  nni)  M  n  Qulde  for  the  Phjrtteiitn  Rnd  Phnrmicenlint.     With  in»n7  For«ilia«Bi 

HrMcripHiinii     Fourth  Edilion.  lhoron({hly  f*Ti»ed,  by  Tiio«i;>«  8.   Wik«*«»      la  «m 

hnndoome  aot»TO  vclnm*  of  S>77  pagw,  witb  380  illuatrbtiona ;  ololk,  ib  ftO ;  I— llwr.  |l  M 

lJn»l  UmeA) 

The  dflny  in  llie  "MieiTunee  "f  th*  Ti»w  U.  S.  P'  "  I*n  J— <||  ml  Urn  m- 

thor,  hnvB  pojlfoiied  lh«>  |ir«<|iarnlinn  of  thi»  new  •■  (■•olvd.     TW*ilH 

■nil  memornnrtn  Irft  by  Mr.  I'arridh  hnve  b^en  |>l,i    .  :  .  ■   ntor,  Mf.  WhpX. 

wlm  hiiJi  labored  DMiduunfl;  to  •mbodr  in  the  work  mJI  the  iii)(>ri)rrimi>DW  nt  tih»rw»a*«lie«l  «- 

etire  which  hnrp  brrn  inlniduoed  during    h«  In't  t«n  y»nr«.     It  i«  thtrrfnrp  r)A|<M  UlM  lk«  %** 

edition  will  fully  roaintoin  the  repatatioD  which  the  volume  hn«  hereiofnr. 

t«xt-bo»1c  nod  work  of  reference  fur  nil  eognged  in  the  prefjnruliou  aud    i 

Of  Or    Puril-li'*  gC'M  Wiirk  i>o  I'hurtiiarT  It  only    nn  Iiod    r    ' 


•if 


reiDHin*  to  1*  >nlil  ihitl  (h-  KjliLr  liai.  »c<''On(il|«ti<'il 
hi*  wiTlt  »»  wril  a>  In  ludltilnlii.  lu  lhl«  fxarlh  ctll- 
tinii     '  'inJaid  of  exccll!<ac«i  vrlilcli  It  bud 

kll.i  ill-  rOllluo*.  uiiiliT  till"  pilllonhlp  of 

||« '•    «titlior      Thlii  fan"   uiil  I'rsii  nr'xn 

fi||>h>'<i  u 'I''  iiinrli  liil>nr,  iloiI  innoy  itldltluua  Kiid 
inproeeineiif*,  lfiv-.lvln|J  rti»ft«e»  lu  ih»  «riiinA»n<«iil 
nf  \\\r  M'Trrul  \>*H*  »<  ll><-  W'>rk,  siul  tlm  aililliloii  u( 
muelj  now  maii'-r  Whli  tb«  inocttncktloua  Ibua  «< 
fectrdit  cou«tltfllP«,  «•  U"""  l>i««i>iili»d  ,  k  nirapfnilltita 
of  the  tciriirr  inrl  nrl  iiidl'in-iimihln  i-i  |lii<  plmrniif 


\v. 


»<■! 


pr«rtlce.— i'(ir(^f 

Willi  lhe>*  tt>w  rxrnaiV*  w 
work,  uDd    h«T«   «!'. 


1.1a  la 
-J. 


1  vitliiv  to  every  praetlHouer 

f  f^inlllarlilii^    hiiiinelf  wilh  old  re(>olail»a  «•  ' 

INirativO  of  the  urilcUs  irhlfli  work  of  rdrrrarr 

UiT  u\r.uAUBiila.—Chu-aOv  Mtd.Journ.,  duo   »ud    pbarmtci^i 

j  Jiio*  \\  )l»74. 

rn  (h'lkl,  nail  h»»  the  r»re        i'prh«]>«  nii 

iipK.  wIiIIp  II  pro-  pliHrmaff   w 

Tim  wliiile  work  gnage   hwa    ' 

.  .Ili.ir.  aud  iiul»-  ••Parrlnlia  r 

.  .Illy  wMi-li  aide  of  tliCt  k 

Ml  we  iti»ti-  iiaaful  work  < 

.   .xi-i-lK.'.l  Tl.-Hnk-.   f  .    !l. 


IllIV 


if  n..l  tl  . 


riat,  a  till 
of  rn  fill  1-1 
Ibe  plinriii 
be  preicrll. 
July,  1*174. 

The  work  |.»  •■fi 
merit  of  I" 
»erve»«"i 
ntOt'Cte  II  1 
llaber  tiv 
liaa  li^ieo  I 
(liiu  that  I) 
lIlUKlratious.  luiuuil*. 
ibe  work,  not  only  to 

iDUllllnde  of  medioal  i"  ^    '  '     : 

to  compouad  tbetr  awu  iu«dlcluv».     U  wilieter  tiuLJ  ,  Uluvii.—Lund.  /'Aunu.  Juumul^  Uc4.  II,  IJL'C 


CfTILLE  (ALFRED).  M.D., 

Aj  ProftKsnr  of  Thtvrn  an<1  Prnettc*  of  Mntii-tnt  In  <*♦  Onivtrrttirt^f  Pm 

THERAPEUTICS  AND  MATERIA  MEDICA;  a  Syatematic TfwitiM 

on  th«  Action  and  Ui>«ii  of  Medicinal  Agent*,  iDcludlng  their  DttMtXptloa  ftto4  BlMP« 
Fourth  edit.,  reriited  and  enlarged.  In  two  large  and  haodaoBe  bT«,  voIil  of  Aktat  HM 
piigea.      Cloth,  911)  I   leather,  $12.      (A'o»- A'<ur/y.) 

The  cure  beitnwod  by  the  author  ou  the  re\riiiion  of  tbi*  edition  hna  kap<  the  work  oiK  bT  U* 
tnnrkel  for  nearly  two  year.i,  and  bait  incren^ed  ile  tiie  about  two  handrod  and  %ttj  |a^(*.  9**r 
withirtanding  this  enlargement,  the  price  baj  beoD  kept  at  the  furmer  rcr;  nodcrato  rat*-  A  (rw 
notice?  of  former  editions  are  subjoined. 

Ur.  hitlle'k  ikpleadld  work  on  iherapeutlca  and  ma- 
teria inedica. — Liiinlrjn  Mtnt.  THmtx.  April  8.  IStiA. 

Ur.  8|!11A  ataadii  to-day  ottn  of  tb«  l>eet  and  moat 
boBored  repreMulktlToa  at  botne  aod  abroad,  of  Ame- 
rican uiedlclua;  aad  tlieoe  volumei,  allbrary  lo  them- 
anlrea,  a  irenanre-huDv*  for  arery  atndloaaphyiiclaB, 
aaanre  bU  faioeeren  bad  be  done  Itolhtng  more.— 7*^ 
tfMrfarw  Journal  of  Mtdieiw^  Dee.  IMS. 

Wo  regard  ibli  work  aa  the  beat  one  on  Materia 
Medlea  in  the  Engllab  langnaffe,  and  aa  auob  it  de- 
•ervpa  the  faror  It  baa  receired. — Jnt.  Jovm.  Madi- 
ciil  aai€ncrt,  July  18«8. 

We  naed  not  dwell  on  tbn  ineritaufttae  third  edtllon  ,  aeholai 
uf  thia  magiiiftceully  coocelvnd  wurk.     It  la  the  work  i  tUrd  • 
00  Materia  Medlea,  lu  wlilcli  Tberupeotlc*  are  prtina-     triple  i 
rlly  eonaldered — the  mere  natural  blatory  of  drujB     ►••'    ■ 
b«lDf  briefly  diapoated  of     To  medical  praetltlnner>     i 
tlila  la  It  very  ralaable  eonceplloD      It  I*  wuodarfnl  ,  < 
b>iw  aioch  uf  ibo  riebea  of  the  lileratur*  of  Materia  ,  ackace  and 
Modica  haa  been  eoodenaed  Into  tbta  book.    Tbe  refer-  '  eal  HtiriiUt, 
•  iiG«a  atone  would  make  It  worth  poaaeaalag.     Bat  It  '      tho  work 
la  not  a  mere  eoinptlatlon.    The  writer  exerolaaa  a    i 
food  J  udgmenl  of  bl»  own  on  the  $real  doetrluea  and  , 

golotli  of  Tberapeutio*      For  purpoaea  of  practice,    r 
tlUA'a  book  la  almaal  aalqne  a*  a  repertory  of  la-    r 
formation,  emplriral  and  ^o1«ntlllc, on  tbeaeliana and  .  .-  .  taimitr-    Bla 

aaea  of  medlelaea  — i!/on<liin  t^nrrt,  Oct.  M.  \Mf:         '  •  ^  •,.  •  mM^   ea4 

Throogb  tbe  furmer  eilltUina,  ihe  profeealoaal  world  i  ampJ»  ao.c|<.'Li^>D>  n 
U  wtil  aei^qilnted  wktk  tble  work.    At  home  and  .  of  iberapoatlea.— • 


abroad  Itareratailoi  aaa  aUadardtiwaBaooB  HaMrta 

Medlea  la  aficnrely  eilabltabed       ]|  t«  aeeoaj  l«  M 
w.rli   ID  rhi>  3i;rjcrt  1n  tri,»    ir>i|(1U>i  tAacw*.  a*!.  !*• 

miweCa,  ta  aay 

•A-iAiy,  i«* 
>  tk«w>t*««t 

on  tJio  .f',,  i*pt.  ».  |IM 

Dr  !-  :iebe>lkBo«a»fa*7 

ofourii  .c«  Owoafike 

moat  riilual..I-.i  VfMk-,  '.a  lUr.  '  AB.goa«  o*  Ike  av^Ml* 
of  trblcb  It  treala  —S.  Y.  M*4  Jumrm-l.  0«L  IMt 
Tbe  rapifl  t-xhan  .Hid  oMw..  e.l.tiiia*  "f  F*r»#  I 


•k 

-  *«• 
^•tiMMUe  a 
<aJifB.     Tl 
'  .eeai  *4«a««e  U  ik« 


ra|i«il7  lakaa  a  kl|k 
!  to  a«f  ikai  a  tkltl 
?«ara  balbf*  aak.  aaA- 


d 


I 


Hkkr?  C.  Lba'h  Pubuoations — ^]ifat.  Mf.d.and  TkHrftpeutict), 

QRIFFITH  (ROBERT  E.),  M.D. 

A  UXTVERSAL  FORMULARY,  Containing  the  Methods  of  Prtpar- 

iog  and  Administering;  OSioiiial  and  other  M«(li<>in«B.    The  wholeadnpted  to  PhyAiotan  itnd 
Pharmaemitiitj.     Third  edition,  thoroui^hly  revised,  with  Dttmerons  addilioni,  b>  Joiim  M. 
Mairch,  ProfMRorof  M»teri»  Mf>dioa  intbe  Philodetpbiit  Oollnge  nrPhanaitey.   Tn  nne  large 
■.adhandiioino  o«t*TOToliimeofaboal800ps|;ei,  oloth,$4  iO;  leather,  |6  50.    (Juit  Inued  ) 
Thif  work  hn»  Innjf  been  known  for  the  va#t  amoant  of  inrnrinntion  whirh  it  prenrnL*  in  ft  oon- 
denned  form,  arrnnged  for  tary  reference.     The  new  eiliti'tn  bng  received  the  nwmt  CJirefiil  revi- 
sion nl  the  enrnpctenl  hnnds  of  Profej'or  Maijch,  who  hnii  brought  the  whole  up  to  the  silnndnrd  of 
the  most  reoent  nuthoriliea.     Morethnn  einhfy  new  her»iiini?!i  *'f  remedies  huve  been  inlrodooed, 
the  entire  work  hubeen  thoronj;hly  remodelled,  and  wbiitever  hitg  i<eetued  to  be  obsolete  hai  been 
omitted.     As  a  comparative  view  of  the  United  State*,  the  British,  the  Germnn,  and  the  French 
Phnrmncripoeinii,  toj^ether  with  nn  iiiiineniie  amount  of  imoffioinal  formulna,  it  itffurds  to  the  prac- 
titioner and  phurmnceutlKt  an  nid  in  their  daily  rtvoontinnH  not  to  be  found  eUewbere,  while  three 
indezef,  one  of  "  Diseaiieo  and  iheir  Reinedieii,"  nne  of  Pbarmiiceoticnl  Kuines,  and  «  General 
Index,  afford  an  eacj  kay  to  the  alphabetical  arraa^ament  a<iopted  in  the  text. 


Tba  yoqug^praellltoaerwlll  flnd  the  wurk  laralu- 
able  in  augfektio^  eligible  nioilec  of  ai]iiiint<<tAriDg 
many  raiaedie«.— am.  /uurn.  ■>/  Pharm.,  Feb.  1S7-1. 

Our  eopy  of  Orlfflth's  FormaUry.  after  long  Die, 
Aratlu  tlie  ilUpinii^iDK  ^hnr,  ind  aftf-rward*  in  our 
medloiil  pr«eiice.  Iiml  ersdiiiilly  fitMeu  tirbiaJ  la  lh« 
t)nwnrd  march  at  mmerlH  medira,  pbnrmaty.  and 
cherapencle*.  uoril  we  had  enued  lo  cdokiiU  It  aH  a 
dally  book  of  rofareoee.  So  ci^mplelely  }ia<  Prof 
MiiUcli  reformed,  r«muJell»d.  aad  rejarepaied  It  Id 
the  a«w  r'lJitluD,  w«  >hiil1  gladly  welcome  It  back  to 
ourtableugiiiD  ln»>lde  DaoglUoo.  Welxirr. and  Wo.id 
ti  Bavbe.  Th«  publisher  coald  nnt  have  bei^a  ni'>r* 
fortunate  lo  llie  >.fllecitun  of  aa  (•ilitor  Trof.  .Miiln«h 
1i  enlaenlly  the  mi\a  tot  the  work,  unit  tir  luix  d<<De 
H  Ihoroagbly  and  ably.  To  eoatnerate  the  altem- 
tloni,  amend tnentK,  and  addltioo«  would  lii>  aa  eud- 
iMi  ta<k;  everywhere  we  «re  grpi-teil  with  the  erl- 
denee*  of  bU  Inbor.  Following  the  FormiiUry,  u  «u 
addeadam  of  o^efnl  Recipes,  Dioteilc  Pr,>parHlioD«, 
List  of  locoropatlble.*,  HoioloKlcal  Inble,  table  of 
Pharroaceultcal  Namea.  Officinal  PrepjirailiiD«  ftDd 
Direction*.  PoUonn  AnHdotM  and  TioMtiueiil,  &ad 
cii|iioBHiDt11c«».  which  nlf.ird  ready  »rc«iw  tu  all  p«ru 
of  llie  work.  We  nube«ltaitagly  euniniend  the  book 
a*  bi'ing  ih<-  h««l  of  It*  kiod,  within  oar  koDwIedgtt. 
—AUauta  Med.  and  Stirg.  Joum.,  Feb.  Iil74. 


To  the  dru(rKl>t  a  good  formnlary  U  simply  tndW 
pen«able,  and  p<Th»p«  t>i>  f.iroitUry  h»»  b^^u  in  tre 
exteD«lvely  a«ed  ehno  the  w«ll-kcKiwn  work  before 
a«.  Maur  phy-'lclaa*  hare  tiiofli^iale.  slun,  a<  drug- 
giMf  ThUlflrne  especially  "f  the  coantry  physi- 
cian, and  s  work  which  ahnll  Innrh  htm  tlie  mean* 
by  which  In  Hdintnl^lsr  or  comhiaa  hU  reinedliM  la 
the  mo->(  eHlcbcioii*  nnd  pleixtaat  usnner,  will  «l- 
wi<y«  hold  li«  pltto«  npou  hi«ili"lf.  A  f.irrniil*ry  'if 
thl«  kinil  Is  iif  biipnfll  alno  tii  thA  city  phy«lcisn  lu 
largeat  pracdoo.— <.'incfnn>?/l    Vinir,  Fob.  'il.  187*. 

The  FiirmttUry  baa  Aireiidr  prored  ilnAlf  sceepta- 
ble  to  the  medical  profeulan,  and  w«  Jo  not  hesllal* 
to  fAjr  ibAl  Ibe  third  edition  ii-  much  iiiiprored,  and 
I  of  grnalor  practiCJll  ralttw,  I  o  conseqnODCe  of  the  care- 
ful revision  of  Prof  M^licb.— t'Afca^o  Mtd.  Brant- 
iaer,  March  IS,  IS74. 

A  more  complete  formulary  than  It  Is  In  Us  pres- 
ent form  the  ph'irmafi-i  or  physician  could  hardly 
desire  To  the  flril  pome  saoli  wurk  Is  iodUp#n«a- 
blo,  and  II  i«  hardly  lim  esseolUI  to  the  iiriictttloocir 
who  eomponods  liU  own  m'^duitoen  Much  of  wliiit 
Is  cont;4in<<d  lo  the  Introdncdon  ■mght  to  h»  a.im- 
milled  111  mniiiorjr  by  evry  stiid«ul  of  lOAdtoloe. 
A*  a  holp  lu  phy-lciuiiA  It  will  b<i  foond  Inrrtla^hlt?, 
and  d'lubtlxx't  will  imaliK  lu  way  lal>i  llhr*rie»  not 
already  auppliad  wuh  a  standard  wurk  of  the  kind. 
—  Tli*  Am*rtcan  PractUiantr,  LonksTille,  Jaly,  '74. 


: 


fJLLlS  (BRNJAMm),  M.D. 

THE  MP:DICAL  FORMULARY:  hcing  a  Collection  of  PrescripUona 

^  derived  from  the  writingn  and  practioe  of  mnny  of  the  most  eminent  physicianr  of  America 

and  Europe.   Together  with  the  usual  Dietetic  Preparations  and  Antidote;!  for  Poisons.    The 
whole  aeaompanied  with  a  few  brief  Pharmac-eatic  and  Medical  Observntions.    Twelfth  edi- 
tioo,  carefully  revised  and  much  iuprored  by  Albbrt  U.  Shith,  M.  D,    In  one  volume  St* 
of  370  pagea,  oloth,  $3  00. 
TI 


pEREIRA  (JONATHAN),  M.D.,  F.R.S.  and  L.S. 

MATERIA    MEDICA    AND  THERAPEUTIC^;   being  an  Abridg- 

mant  of  the  late  Dr.  Pereira'i  Elements  of  Materia  Medlcn,  armnReil  in  conformity  with 
the  British  Pharma«op<eia,  and  adapted  to  the  use  of  Medical  Praolirionerx,  Chemists  and 
Dra^l^irte,  Medtonl  and  Phnrmaceutirnl  Students,  Ac.  By  P.  J.  Farrk.  MI).,  Senioi 
Physician  to  St.  Bartholomew's  Hofpilal,  and  London  Editor  of  the  British  PhartniicnpoeiBi 
aMisted  by  RoBBkT  Bbhtlby,  M.R.C.S.,  Professor  of  Materia  Medica  and  Di-tany  to  the 
Pharmaoentioal  Society  of  Oreat  Britain;  and  by  Robert  Warihoton,  F.R.S. ,  Ooetuica) 
Operator  lo  the  Society  of  Apotbecnries.  With  numerous  additions  and  references  to  the 
United  States  Pharmiwopceia,  by  Uoratio  C.  Wood,  M.D.,  Professor  of  Botany  In  th# 
University  of  Pennsylvania.  In  one  large  and  hnndsome  ootavo  volume  of  1040  (ilosefy 
printed  pages,  with  i36  illustTEitium,    sloth,  t7  00  j   leather,  raised  bauds,  fS  00. 


DCMOURON'S  NEW  REMEDIES,  WITH  FORMTL.* 
rnRTflEIK  PREPARATION  A.'tD  AOMIMISTRA- 
TIOM  Berentb  iHlittnn.  with  extenelve  additions. 
One  vol.  6va.,  pp  770;  eloth.    MOO. 


aBI8Tiao:r'8  DISPEWSATOBT.  Wltheoploosid 
■»♦»■••>•.  "ed  •!•  l«rf*  •"Ort'i  •nvraT'ie*  l*»  R. 
Bi<i.tsp*L(i  OairriTK,  H.  D.  On*  vDl.Bro.,  pp.  inoo; 
eloth     «4  00. 


EOFLB'B    HATBRU    MBDICA    AMD    THEKAPBT.  ,  CARPRNTERB    PRIZE    BSSAT   05   TflB   C8K   OF 


L 


Tica  Kdlud  by  Josara  Caksos.  H.  V.  Wllh 
Blaaly-elgbl  lUaatraiiooa.  1  v<>L  fcvo.,  pp.  701), 
oloib.  t3  00. 
OAa'irtsa  8V«OP4iaOFTHB  LKCTTUKS  tl.t  MA- 
TERIA MEDICA  AM>  PHARMACV.  il«livern>l  lu 
the  L'utTer>fly  of  P*nn>ylTaala.  foorib  aod  fe- 
rUed  edition.     Cluib,  ^. 


Aii-oHOLir  LiQroBA  is  Hsai.th  axp  Di-iiass.  Ke« 
edition,  with  a  Proface  by  D.  P  Cosors.  M  0.,  and 
eKplanatlonsof  Klxntlflc  worda.  In  one  neat  IStao 
VKlnrn*.  pp.  178.  oluih  ■fOcsole, 
Di!  JO.VOH  OJf  THE  THREE  KIMT)fl  OF  CODI.IVBB 
Oil,  with  their  Chemlnal  and  TherapeuHe  Pro 
partiea      1  rol.  llmo.,  cloth.     7ft  eesls. 


u 


Henky  C.  Lba'b  Publications — ( PaihftJoqy^  rfw.")- 


l^KNWJrK  {SAMUEL),  M.D., 

J-^  AimUlnnl  PftvWc*««  to  Ihf  Loniinn  H"rpU/>l. 

THK  STUDKNT'S  GUIDE  TO  MEDICAL  PIAOXOSIS.     Vnm\h» 

Third  HeTiBcd  and  Enlarf^ed  EDt;lii<b  E<lttioT.     With   eighty  ("  '  4ti*tu  ••••A. 

In  one  very  bundsnnie  volame,  roynl  l2mo.,  cloth,  f  J  25.      (Jn 
The  T*ry  preai  KueL'os<  which  this  work  has  obtained  in  En  -'    -  '    -'  ■  ha* 

sdmitled  wni^t  nmong   elementary  bookf  for  the  puidanne 

Takin)t  up  in  order  enoh  pnrtion  of  the  body  or  cl.iM  of  iji  i  vn< 

preient  in  cimple  lung^iiiiKe  the  value  of  symptotnii,  lo  ai  to  lead  lb»  ^t  >■  i  uffmA' 

ation  of  the  piith<d»gicnl  chAnge.i  indicAtcd  by  them.     The  talent  iavi?  S4>«s  «w» 

fully  introdueed  into  the  present  edition,  ao  that  it  may  fmrly  be  cotiojiicrri  u  <ld  m  l««al«tU 
tb«  most  ndvaaced  condition  of  medicaJ  »ci«nce. 

\>(  the  iTfoy  f;iild*-l><i<>k»  on  tnediCKl  diHgnorIa,  bI>»  piAClir.ii  iri.ini^"r  iri'.l  <->li.<l 
clKlmed  t>>  he  wrliteo  for  (be  Nperlal  lunlruciion  of 
ntiidrctK,  tbid  U  the  liiol.  TbMinihiir  !•  erblonlly  * 
veil  read  tiiid  ncc<>ni]>li«h«d  phy'lciiD.itiid  h«  kai>wii 
how  iij  'eucli  precitcal  medtrlDe  The  rbKrm  oFrlni- 
pllclif  i>  no)  the  leik>i  infrefllogreatiiretii  IbeiiiAD- 
oer  Id  wlilcb  L>r.  Feu*  ick  c<<nTey«  kaiitrnclloD.  Tli«r« 
■re  few  bui>k«  (if  ihli.  >Ue  md  prAi'iiral  luedlrlne  Ibiil 
eooiftlu  ao  innrli  and  CiiHT^y  il  eo  w*ll  a*  the  Toliinie 
before  at  li  I*  a  bMOk  w«  cau  •liicerely  rveniMuieud 
Ir  (lie  •mdeiil  fir  illrei'l  iu>lriicilnn,  hii<1  Iu  Ihe  pt*r- 
IWioDpr  H.»  II  really  mid  naefiil  aid  to  hla  memur}  — 
Am.  JuHrn.  <//  Si;ifhilugrai>hy.  Jan.  IW*. 


6k»e    f>iACtir.ii   i]i.ini^>'r 

•tili1< 

kill-  I 

The  l;    1 

Thuxv  Mil-' 

morbid  III 

—  L'hleiiyi}  Jj    ^     i-_  -. 

8>i  far  «n|>er(nr  In  sd^ 
eollegr'  of  tbl«  eoHiilr.r 
renprcllTC  rlkttaa. — -V. 


•••"<  •• 


Ike 


March,  IS74. 

Tbia  mile  Imok  oujihl  to  b*  !■  Ika  p«iMw>>t«/ 
ever*  uiedtral  alndent.— ,A»foi»  M*^(«mt  tm4t<0f 
It  CAVert  the  froiiDd  ot  medic*!  dikftiaNliita  ■  eon-    Junrn  ,  Jau.  lA,  lk/4. 


n-REEN  (T.  HENRr),3t.D., 

PATHOLOGY  AND  MORBID  ANATOMY.     With  nuraerou*  IDot. 

trnliont  nn  Wood.     In  one  very  handjom*  oolaTo  Tulauia  of  orer  2i9  pAce«,  el«Ui   t3»i 
(LittiJy  PubUitud.) 
We  htre  beeo  rery  mach  pleaeed  by  onrpera,«alaf  |  Ihology  ind  morbid  acal.imy    Tb.'  taiki>rak«w«iy« 


ihUlidlvrolnme.  ll  Ik  ibe  only  one  of  the  kind  wtib 
which  we  are  ncqnatnted,  and  practllloopra  a«  Wfll 
aasludeula  will  Bud  it  a  Tery  aaefDl  guide;  for  the 


Infonnalliio  is  up  tu  lh«  dity,  well  *ud  coinpaclly  ar- 
magrd,  wlihiml 
e«<.  on.  7,  1871. 


magrd,  wlihiml  beliig  at  all  ncanly. — Lundim  Lan 


Il  einhodiea  in  a  enmparallrety  ainall  apare  a  clear 
ttatemeat  of  the  pteaeol  elate  of  uarkDowled(|e  of  pa- 


OLOOB'S  ATLAS  OF  PATHOLOGICAL  HI8TOL<.MJT 
Tratialaled,  with  Notes  and  Addlllunt,  by  JottlP* 
Lkidt,  M.  D  III  ooe  eulume,  rery  large  Imperial 
qaarlo,  with  .120  c»pp«r-ptata  Sgnraa,  plain  and 
eolored,  ebilb.     94  00, 

JuSK9  AMD  SIEVEKING'8  PATHOLOGICAL  A»A- 
TOMV.  Wilh.WT  wo..d-cnta.  1  toI.  8yo,  of  nearly 
7.'>0  j.Hjioa,  cloth.    $:SW, 

HOLLAND'S  MEDICAL  NOTES  AND  RBFLBC- 
TIo.MH.     1  vol.  8to.,  pp.  r.on,  clolh.     W  -W 

WH  ATTO  OBSERVE  ATTHEBKDSItlE  AN DAFTEI 
Death  in  M«dical  C*i>li».  Pabhahcd  under  Ibi 
aalhnrlly  nfthe  LouduD  Society  for  Medical  Obaer- 
ration.  From  the  aeeond  London  edkltoa.  1  *oj. 
royal  12nio.,  cloth.    #1  00. 


be  baa  been  nut  nr 

e'rnfrh''t  \a  Ihlf 

and  con*cieatlL>ij' 

ber.     The  work  >■ 

niiuta  nf  nliiilctit*  ' 

Totlon  lothUcla>« 

of  SvphilogrttpKy,  April,  iiVl. 


LA  KOCHB  ON  TRLLOW  FBTBR. 

HUt..rlcal.P»lhoi.„..ir.i   fti..i «i,a^' 

tical  Tlolatlnoa  AMIaoMaMiaMI 

Tolnmea  of  Dear  (T  a# 

LAYCOCK'S     '  ■  ;    .I.'»C»«JI 

A.OP    MllT>  ,    ggf  H^ 

■KAarn.  .    -g^^  .fj 

Jaulor  praciiii  .n,^r«     i  ii    •uv  frj  aoat  r-ir»I  Uki>. 
voltttiie,  clorb      tl  M) 

BABLOWB  MA5PAL  Of  THE  PSAOnCB  Of 
HEDICIKK.  With  AddlUoaa  hy  D  F  OmOk 
«    D.     1  vol   9*0.,  pp   600,  olotb      rS  ^ 

TODD'SCLINICALL«CTPBMOHCKJ(TAI»J«FT1 
Dt«aAJi»    la  oae  amal  Mtare  toIum^  afl 
oloib.    %%  fiO. 


s 


TVPGES  (OCTA  VrtT.^,  M.D.  Cantab., 

FtU-w  nftht  Soynl  Itnllrgt  "/  Phynlriiinti,  Ac.  *e. 

AN  INTRODUCTION  TO  THE  STUDY  OF  CLINICAL  MED- 
ICINE. Beiag  a  Guide  to  the  Inventigation  of  Di«ens«,  for  the  Ua«  of  Siadvsu  Ia  aM 
bnndsome  IZmo,  volom*,  olotb,  61  36.     (JmjM  l**u9d,i 


D 


Al'IS  {XATHAX  S.). 

Prnf.  nf  Prinfipl't  tin/i  Prnrliee  of  Medletnt,  rte.,  in  Chii'tifo  ifnl  rWby* 

CLINICAL  LECTURES  ON  VARIOUS    IMPORTANT    Di 

being  ft  collection  of  the  Clinical  Lectiirei  delivered  in  (be  Mrdical  Ward*  '  ' 
piiAl,  Chicngo.     Edited  by  Frank  H.  Dafis,  M  1>.     Second  edition,  rnUrrad. 
handsome  royal  12uid.  volume.     Cloth,  $1  75.     {No*c  Rmuiy.) 


is  vm 


S 


T0KE5^  (  WILLIAM),  M.D.,  D.C.L.,  F.R.S.. 

Hfutuji  Pn)fn»Hr  of  Pkf/tic  in  tht  t'««e.  of  DhUIh.  *«. 

LECTURES  ON  FEVER,  ddivereil  in  the  Theatre  of  the  Mcalh  IIo^ 

pita!  and  County  of  Dublin  Inflrinnry,     R<iii«d  by  Jonn  WiLtiA«  Moohk,  M.D    AevbuM 
Pjiyoiciao  to  the  Cork  Street  Fever  Uo«pital.     In  one  neat  octavo  volAtna.      fj*r-n»naa-  > 


m 
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JPLINT  (A  USTJN),  M.  D., 

Prnf,»t«T  of  tht  PHnripU*  nn4  fntelicf  nf  1IH4iaii\t  (n  AifbTMc  Jf«f .  C«U»ff»,  y.  T 

TREATISE    ON    TJIE    PRINCIPLES    AND    PRACTICE    OF 

MEDICINE;  deigned  for  the  nse  of  StodenU  ami  Practiiionert  of  Medicine.     Fourrh 

edition,  revi««d  and  enl«rfred     In  one  larRe  and  clo»«Ijr  printed  octavo  volume  of  nhout  1 100 

p«ge« ;  doth,  $ft  Oil;  or  strongly  bound  in  leather,  with  rnised  bands,  $7  00.     {Jutt  hiutd.) 

By  aommon  consent  of  the  English  and  American  medical  preH«,  tbia  work  hag  been  aaaJgned 

to  the  highest  position  u  a  complete  and  oorapendinuii  text-book  on  the  most  advanced  condition 

of  medical  science.     A I  the  very  moderate  price  at  which  it  i»  offered  It  will  be  found  one  of  the 

Obeapect  Tolnmes  now  before  the  profewion.     A  f.?w  nmicea  of  previous  editiona  are  subjoined. 


Adiotrablc  and  aaequalled.  —  Wmtern  Journal  of 
Mtufirint,  Hot.  ISdD. 

Or.  rilat'a  Work,  tboogh  olalmtni;  bo  higher  title 
than  Ihatof  a  IfSt-bCMik,  iBrmlly  more.  Helsaioaa 
of  large  ctialcul  experience,  and  hiis  book  is  fnll  of 
■  nob  uai*t«rly  dfrneriplionii  of  dl«iMi»i^  a*  can  unly  be 
dr&wn  bjr  t  io>d  lutlniaiely  ac'|miini«il  witb  their 
varloiu  formB.  It  l«  not  «o  lone  itnce  we  had  (be 
pleaaoteof  revlewlai;  bis  flnt  edttlviD,  and  we  reeog- 
aiie  a  great  linprorempnt.  e»{wclally  In  the  genrml 
part  of  tbe  work.  It  In  a  work  which  weran  cordially 
recomiDPDd  to  oar  reader*  an  fallv  abreant  of  (be  itcl- 
•Dce  ofthe  day. — Bdinburfh  UrJ.  Jimmal,  Oet.  '89. 

One  of  the  bent  works  of  the  kind  for  the  praetl- 
lloaer,  aod  the  inONt  eonreolent  ofall  for  tbe  itDdeDt. 
~Am.  Ji>um.  Mitd   Si'ienett,  Jan,  )8«9. 

This  work,  wbicb  (tandi  pre-emlneally  a«  tbe  ad- 
vance ■tandurd  of  medical  aeleace  np  to  the  preoent 
time  in  the  pmetice  of  medicine,  hae  for  Kb  aalhur 
eaa  who  la  well  mod  widely  known  as  nne  of  tbe 
leading  prsetitlonerk  of  lhii«  continent  1u  fact.  It  la 
eeldom  tbal  any  work  it  ever  !«>aed  from  tbe  prei« 
aaore  deaarving  of  onivaraal  reeomineadaUoo.— Jta- 
minifin  Med  Journal,  May,  ISdS. 

The  third  edition  of  tbt»  inoat  exeelleal  book  Marea- 
I7  aaeda  any  commendaliDa  frnin  oa  The  volume, 
ka  It  atand*  cuw,  U  really  a  marv<^t :  flrnt  of  ell.  it  in 


•  xeelli'ntly  prlnied  Knd  boand — and  w«  eneonoier 
that  Inxury  <t(  America,  the  ready-cat  page*,  wbleh 
theTankeea  are  'oute  enough  tu  luatRi  iipuu— nur  are 
theae  by  any  ineana  triflea  ;  but  tbe  conteuta  of  ibe 
book  are  iMionti<btng.  Not  only  la  it  wouderful  that 
any  une  man  can  h.ire  gra»ped  tn  btamlnd  lhi«  whole 
lOope  of  niedlcine  with  that  vigor  which  Ur.  Flint 
fhowe.,  but  tbe  oondenapJ  yet  clear  w»y  In  which 
thia  1»  done  la  a  perfect  literary  trUmpb.  Dr.  Kllnl 
!a  pre-eioluently  one  nrthe  Ktroug  men.  wboae  right 
^odo  thia  kiDi)  nfihlng  l»  well  admitted  ;  and  we  aay 
no  more  than  tbe  traih  when  we  allirm  that  ba  la 
very  nearly  the  only  living  man  that  could  do  It  wttb 
inch  reAnlta  aa  the  volame  before  oa. — Tlu  Lvndon 
PractUioHtr,  Uarcb,  lSti». 

Tbia  la  In  lome  rewpeels  tbe  beat  text-book  of  nedt- 
elae  In  oar  laognage,  and  it  U  liigbty  appreciated  na 
the  other  aide  of  the  illanllc,  taa<«macb  aa  the  first 
idltton  waa  exbanated  in  a  few  month*.  The  ancond 
aditlon  waa  little  more  than  a  reprint,  hot  the  prni>*nt 
Saa,  a«  tbe  aatbor  aaya,  been  tburonghly  revlaed. 
Mnch  valuable  matter  baa  been  added,  and  by  mak- 
ing tbe  lypi'  amallor,  tbn  bulk  of  the  vnlqme  )■>  n'lt 
much  Increaaed.  The  wrak  point  In  many  American 
worka  la  pathology,  but  Dr.  Flint  baa  taken  pecnllar 
paina  00  thia  point,  greatly  to  the  valna  of  the  book. 
—Londun  Mtd.  Tinut  and  an»tU€,  Fab.  6,  ItWO. 


or  TITR  HAMF.  APTHOR. 

ESSAYS    ON    COXSERTATIYE    MEDI€INE    AND    KINDRED 

K  TOPICS,     Id  one  very  haadioine  royal  12mo.  volame.     Cloth,  $1  3S,     (Jnrt  Itnud.} 

^P  OONTBir  TS, 

I.  Con«ervntive  Medicine.  II.  Conxervatire  Medicine  na  «pi>lied  to  Therapeutics.  III.  Crin- 
■•rvative  Medicine  as  applied  to  Hjgiene.  IV.  Medicine  in  (he  Pa.<t.  (he  Preaent,  and  the  Fu- 
ture. V  Alimentttiun  in  D  aeaae.  VI.  Tolerance  of  Di)ea.«e.  VII  On  the  Age  cy  of  the 
Mind  in  Eii-logy,  Propbylaxii,  and  Therapeutic*.  VIII.  Divine  deaigs  M  eXempllBed  in  the 
Nutaral  Uiatory  of  Diiieue. 

"UTA  TSns  [THOMAS).  M.  D.,  |-r. 

►  LECTURES  ON  THE  PRINCIPLES  AND  PRACTICE  OF 
PIIYeiG.  Delivered  at  King'*  College,  London.  A  new  American,  from  the  Fifth  re 
^^  Ticed  and  eDlarged  English  edition.  Edited,  with  additioni,  and  several  hundred  illQflrn- 
^H  ationg,  by  HcKnr  Ua-Iitsiiorn c,  M.D.,  Profe^aorof  Hygiene  in  the  DniverMly  of  Penne.vtv- 
^^  nia.  In  IWD  large  and  bandaomeSvo.  vola.  Cloth,  $0  0(1;  leather,  $11  00.  {I^tttly  I'ul'litlial,) 
tl  laaaafajecl  for  cougratalalion  and  for  Ihankful-  1  rarecumbinalluD  of  great  •cieflllAc  allalnmaata  mm- 
neaatbat  Sir  rh<itBJie  Watson,  during  a  period  of  e>iro-  |  hined  wUh  wonderful  f-ireuoic  eluHUaut.'e  hnaexerled 
paratlve   leUur^,   after  a  long,  labiirloo»,  and   moi-t  |  exiraordloKrj  lnniK<ur«'"fer  Ih*- la*!  twineaeTalionn 

of  phyaicuna.  Ilia  rllolcal  dewrlpliuna  nf  mi»l  dia- 
ea>ea  hare  nerri  l«en  equalled  ;  and  hu  tlil«  score 
at  least  bl«  worli  will  \\t«  lung  in  (he  rulnre.  Tbe 
wurk  will  be  anngbt  by  all  wbn  appreciate  a  great 
bonk. — Amtrr  Jiiitrn.  nf  SflpliU'^yrniihy,  July,  lb72. 
We  are  exceedlnisly  grallfled  at  (lie  reci-pllou  nf 
tb)»  new  ediUuu  of  Watsuu.  pre-emiueally  (he  prince 
of  Engllah  authors,  nu  "Practice."  We,  who  read 
(he  tIrKi  eihiinu  sbnll  never  forget  the  great  plea-ure 
and  prnOl  we  derived  (rum  ita  graphic  deliueallnns 
of  dianaee,  il«  vigorou*  »ryle  and  aiileudid  KugUsh, 
Maturity  M  yeura,  exienslTe  oliee'vaiinu,  pr't^'uiid 
research,  and  y«l  runtlounan  enlhnslaam.  baverom- 
blned  tu  give  Ua  lu  this  isleat  edition  a  mndrl  nt  pr<i- 
fenslitual  exeellenco  In  tescUIng  with  rare  beaoty  In 
the  uiodr  of  cuuiiiiunlraimn.  Kill  Ibis  cf'OMC  neeila 
00  aali-gmia  of  ours. — Ohleaoo  Mai.  Journ.,  July, 
)S7> 


I 
I 


pi 

booarabla  pmfeaMonal  career,  while  reialnlog  full 
pi>aseB«ian  of  bis  high  mental  facoltles,  tbould  have 
employed  the  opportunity  to  aubult  bis  Leetoree  to 
H  more  (liorongb  reriniou  thun  waa  poaalble  during 
Ibe  earlier  and  bnaler  period  <.if  hie  life.  Carefully 
paaaiog  In  review  aome  of  the  eu<>et  lotrlcite  and  lie- 
povtaut  pathological  and  pracdeal  qu«etl.>n»,  tbero- 
enlta  of  I,l«<-1i>Eir  InKlgbl  and  hia  calm  ludxment  are 
DOW  r.  'he  benelli  of  monkind.  In  language 

whi'-i  0,  vigor,  and  cla-alcal  elegance,  ha* 

»»rel>  l.'d,  and  nerer  anrp«a>ed      The  re- 

viaioti  h*t  tr  li'iiily  heen  mi'si  rnrerully  dnne.  and 
tbe  reaalta  appear  in  almoat  avery  page  —Brit  ifr.d 
Jntint  .  Oet.  14,  1S71. 

Tbe  lertnrea  are  so  well  knnwn  and  s,i  jnally 
apprerialed,  that  II  la  acareely  nece«<ary  to  do 
Mor«  than  call  attealUiD  to  the  apedal  advautasaa 
of  tk*  laat  over  pravlova  •ditlvaa.     The  avlbur'a 


US'G Lisas,  FORBES.  TWERDIE,  AND  COXOLLF. 

THE  CYCLOPAEDIA  OF   PRACTICAL  MEDICINE:   comprising 

TraiUiges  an  the  Nature  nnd  Treatment  of  Diseaeee,  Materia  Medica  and  Therapeatiec, 
DiaeaeM  of  Women  and  Children,  Medical  Juritpradence,  tc.  Ac.  In  four  large  euper-royal 
octavo  volvmei,  of  3254doable-<!olamDed  pages,  itronglj  oad  bandaomely  bound  in  leathar, 
$lh,  cloth,  III. 


1 6  Henry  C.  Lba*b  Pubuoations — ( PWw^rt*  of  fffeJft: 


rfARTSHORNE  [HENRY),  M.D., 
ESSENTIALS  OF  THE   PRINCIPLES  ANT)   PRACTICE  OF  MKDI- 

CINE.     A  bitD<)7-bi)ok  for  Student;  and  Practitioner*.     Fourth  •ditiKit.  r«*iM4  aaA  fan- 

priived.     ^Vilh  itboat  una  hiindrcil  ijlu^trnlioni.     In  oti.  .<:*.  rojmt   lla» 

of  siboul  J.iO  pftjc**.  cloth.  $2  63  ;  bnlf  h-iuml.  $2  88.  /v.) 

The  thfTi'Uph  rniinn^r  in  which  the  nulhur  htv?  Iiiborod  to  fn  ^- 

hook  (he  luocl  nilranceil   cmihIiH"!!   "I'  pritolicnl  ineilioine  in  - 

vdllion  conlnins  inorp  ihnn  2JiO  mldilinn*,  reprpjenlitip  the  in< 

fcrred  to  in  ptwinui  editiuiif,     Notwitbrtnnding  nn  eninrgriurttt  oj  tUt 

increiigpd  l>;  cixt)'  pagrf.     A  nuinhrr  of  illiiviriilioo!)  hnve  been  inlr«<l  . 

will  I'licilitotfi  lh<*  ciiniprebention  of  deluiU  by  th»  render,  and  no  *ff«rt  Liir  •<rrii  •^•trrv  ««  ■>!• 

tii0  volutna  worlliy  n  eoDliauADCe  of  Ibe  Tery  greiit  fjiTur  with  which  it  h»«  hitherto  k#««i  iw«l«*A. 

Tli«  voik  U  hroDdhi   liillr  ni>  with  all  th«  reront  lUi  ovt  kiiuW  of  lt*«^UAl  —  fu.  Jtfntf.  JViMttllh  Ikv. 

K<l*iint'«*  III  iiirillrMii-,  1»  iilinlrHlily  (apd^btrd,  kdiJ  1h'4. 

y«-t  »olft«:l<'Uily 'xjiiliitfif  rII  ih*  purpnpciilnleiided,  Tho  prMoM  Mltlnn  of  l»r   n«rt«l>«r»»W»«*»  (»• 

tbfli.  ninklun  It  Ly  r»r  iho  btwl  Work  of  lr»  cliiii-»et«T  ^^„  j„,    .    .,          _           - 

vYtit  poldUhcd  — C<nrfnno(i  (.Vlnlr,  Oei.  2«,  1871  „„-y  , 

We  biiTo  Mlrritdy  li»d  ofraiiloi)  to  notie*  th«  pr<<T)-  »»i>er<i 

on*  edlll"0»or  iMi.  wi>rk      h  1»  i»xe»ll>-Dl  uf  ll*  kind  .      '                                                                           .xtk* 

Tlir  rtullior  lii«>  ;\vi>b  *  rrry  <^*<rrtil  r<>vlBtiiti,  la  ripw  u                                                                                       ••«■!. 

iif  ili«  rapul  proKinaii  uf  nieJickl  acUuc* — A'   i'.  JfxI.  i                                                                                  I  mi^ 

Journ  ,  Not.  1S74.  i.tf-^fcafW 

WiTli. Ill  il-mM  ih^'b'^Hiook  nflhn  kind  rnf)""''*"'  '                                                                       iffclll— X«^ 

In  lb*  BtiKlUb  IniigMNgn.— M.  LovU  Mtd.  nmt  Hurg  '" 

Jaurn  ,  Vur    Ib'i  i«  «    ti..r,  r  iinl.  li-. .!,    hnt  CiimprrbckH** 

A.  .  h.,.d>.o..k.  which  clearly  «.t.  forth  tb*  *••»;..  '  «'»"''',  »  '■«»""'  h-  I"  |.'''.»sd  U|wn  -CAie-jf. 

Ti*i.«ofiberkiiiciriMA«rnraiiCTirEorniEniouiii,  wi»  *-r'»"«'»«'-.  .-^o*.  u.  i>m 


P/4rF(F.  IT.).  Af. /),.F,  W.S., 
Sm<iir  A»M.  Phyttifiiin  t'l  rtdrf  fc*««f»ir«r  on  F^VM^^^^^>gy.nt  Ovy'ii  H"*pttnl,  *#. 

A  TREATISE  ON  THE   FUNCTION   OF   DIGESTION;  its  Diwr 

deri  and  their  Treatment.     From  tb«  seaood  London  edition,     la  one  bmadae**  vvlOM. 

gmall  ootaro,  oloth,  $2  00. 
»r  THE  SAMK  AUTHOR.     {Jutl  Ready.  ~ 

A    THKATISK    ON    FOOD    AND    PIETETICS,    PHYSIOLOGI- 
CALLY AND  TllERAPEUTICALLr  CONSIDERED.    In  one  iModMia«  o«<av«  Tate«* 

of  nearly  OUU  paget,  cloth,  (4  75. 

RlTWyARV  or  00!l«»T». 

Introdaotory  Remark*  on  tba  Dynainii;  R«lnii<ina  <if  Food — On  the  OriginalSon  of  F*o4— TW 
Conftituent  Relntionj  of  Food — Alimentary  I'riooiplcn,  tbrir  Cln.'i4ifioation,  Chemf-al  RdatMoi. 
Dige»tiiin,  AMiuiiliitidn,  nnd  Pbysiolo^ioul  Um>'> — Niirogenoua  AlimanlMry   I'l  <  -\.>.  N 

trngenoa*  Alimenlorj  Principle* — The  Carbo-llydmlei' — The  IiiofKnnlc  Aliui<  ;  '• — 

Alimentary   Substunee* — Animal    Aliioentnry   (?uh»ti>nee« — Veg«t»ble  Ah(ne>'  .ini*— 

Beverage* — Cotidiiuontfi — The   Fre'erviilion  of  Foo<! — Principle*  of  Dietctio* —  '.  \  '!««*lte* 

—  Diet  of  Infant* — Diet  fur  Training— Therapeutic  Dietetic*— Dietetic  Pre{i«fu^  '..m  Xv^ 

lid — HoFpiiat  Dietaries. 

pa  AMBERS  (  T.  K.),  M.  D„ 

V/  OuHfMUlng  fhyticiitn  (n  ,<jt.  ilnry'a  Urttjtitai,  I/omUrn,  4e. 

THE  INDIGESTIONS;  or,  Difteases  of  the  DigrestJve  Otrbob  PosetioP 

Treated.    Third  and reri«ed  Edition.    In  one  haadtom*  octavo  rplkOio of  SSS  M*M,el4 

$3  00.      (Latrijf  Fuhlttked.) 

gr  THK  8  A  MB  AUTBOR.     [Lrttflv  P»btti>k-d) 

RESTORATIVE  MEDICINE.     An  Harvoian  Annual  OmUoD-     Wi 
Two  Sequeli.     Tn  one  very  handsome  volame,  tmall  ISmo.,  eloth,  tl  00. 
ItY  TIIK  SA  VS  AUTHOR.     iS>,tn  Rtmiy.)  '  ' 

A  MANUAL  OF  DIET  AND  REGIMEN  IN  HEALTH  AND  SICl 


NESS.     In  one  handiome  octaro  volama. 


F 


'OX  (  WILSON).  M.D„ 

Ui>lme  Prnf.  uf  Cliniml  Mrd..  VntvtfUy  Coll.,  LitnOoik. 

THE  DISEASES  OF  THE  STOMACH:  Rpin?  the  Tin rd  FaWUoo 


>nd  XnUri 


the  "  Diagnnri*  and  Tronlment  of  the  Varieties  of  Dv-  ^ 

With  illiintration*.     In  one  handinme  octavo  rolume. 
Thn  pi»«enf  *di<i.>n  i>f  Dr  WIUoD  Km '^  »."ry  mltnl-         Or  Cue  Im-  , 
rBt>le  wiirk  <lilf»ri>  from  ilie  pr»r«illDg  In  Ibal  II  ileuli     r<-ll«or>i,  whlc-S  we  (<r<'i    lory  *u>*  wlU  r>k«  • 
widi  u(b«*r  niHlAjle»  iIiho  dyvpepula  only. — L»Htion  !  rniib  itijiftoK  wurk*  thAl  trrat  of  Ilia  etoia^ch  — d 
Mmii   Timet,  Feb   8,  I&7.H.  J  Praeiitiunrr,  March.  ISJi. 


nRINTON  {WILLIAM),  M.D.,  F.R.& 

'^LECTURES  ON  THE  DISEASES  OF  THE  STOMACH:   with 

Introdoctton  on  it*  Anatomy  and  Phyriology.     Prom  the  teoond  and  enUr^vj  L««4o* 
tion.     With  illmtrationi  on  wood      In  one  bandsome  ootavo  rolaaio  of  Ab«4U  XOfe 
olotb.  S3  36. 


Hbnbt  C.  Lba'b  POBLIOATIOHB — (Diseases  of  Lungn  and  Hf.nrt). 


JPLINT  (AUSTIN),  M.D., 
A  PRACTICAL  TREATISE  ON  THE  DIAGNOSIS,  PATHOLOGY, 

AND  TREATMENT  OF  DISEASES  OF  THE  HEART      Sec.in.J  r«^vi*ed  and  enlarged 
edition.     In  one  octavo  volame  nf  5.'i0  pngeg,  with  u  plnte,  cloth,  $4. 
The  author  haaRedulouRly  iaiproved  the  opportunity  afforded  hitn  of  reriaing  thi<  work.  Porttont 
of  it  have  bren  rewritten,  and  the  whole  broU|;ht  dp  to  a  level  with  the  inojtt  ndvnnced  condition  of 
■oienoe.  It  must  therefore  continue  to  maintain  its  position  a*  the  standnrd  treatiite  on  the  subject. 
Dr.  Flint  choneadlfficnll  «BbJee(  for  bin  rp!»ti»rtbe«,    »ble  for  iiiirpow*  of  ilIniitr»lioii,  la  eoiiDcoll'm  wjih 


KD<|  ha*  klxiwo  reroarktbt*  pxwen  or  nh»i>rriirlaq 
4u<l  retlertlon,  »•  well  E»irroal  lDdaiitr7,  la  hit  Ireal- 
meat  of  It.  HI*  book  mniit  be  oooaldered  th4  fall«sl 
aQ4  clenreAt  practlwl  irealUe  on  tboiie  •.abjectH,  and 
•boalJ  be  In  Ibe  bandr  of  nil  practitloaer*  nod  >tu- 
4eala.  [I  U  ft  ore<tit  to  American  medlcnl  llleraiaro. 
—Amrr.  Jrmrn.  n/ ttu  X«d.  ScUntMl,  Jul  J,  1S«0. 

We  qnoetloa  Ibe  fhet  of  any  recent  American  aothor 
Id  onr  profemion  belac  more  extAOtlvely  koowa,  or 


ea«<wwhlrb  Imrt-  bof-n  i>p(irtr<I  h_v  »ihi«r  tru»tiTurtli7 
obserrer-i — BrU.  and  thr.  Unl-l'hirnrg.  Kettirto. 

\a  regAfd  to  the  mitrllM  of  the  work,  w*  Imve  no 
be'ititloD  tn  proDonDOing  It  full,  Hccnratn,  aad  jodl- 
9lon«.  ConMderlBg  (be  present  nfHte  of  nclence,  sncb 
a  work  woe  iiinDh  needed  Ii  itlii>nld  I>p  tu  ibebaad* 
of  every  practitioner. — Ohiciign  Mtii.  Juurn. 

Wlih  mure  than  pleasure  dn  we  hall  the  advent  <>( 


more  deawrvedly  ei>ler>med  In  tbU  coaiilrjr  than  l>r.  |  thU  wurk,  for  U  Alliva  wide  gap  ud  the  11*1  of  texl- 
Fllat.  We  wllllDgly  acknowledge  hi«  surceus  more  b>iok>  for  our  AchuoU,  and  U,  for  llic  praclltiuoer,  the 
rarllcaUrl;  In  the  volnioe  oo  di»eiitiea  of  the  heart,  moat  valoable  practical  work  of  It*  kind. — If.O.Mttl. 
Ib  making  sa  extended  personal  oUnteol  atod;  avail-  i  Jfrn>». 

QT  THS  8 A  3fB  A  UTUOR.  ' 

A  PRACTICAL  TREATISE  ON  THE  PHYSICAL  EXPLORA- 
TION OF  THE  CHEST  AND  THE  DIAGNOSIS  OF  DISEASES  AFFECTINa  THB 
RESPIRATORY  OBQANS.  Seoond  and  reviMd  edition.  In  one  handjume  octavo  rolame 
of  606  pages,  oloth,  $4  60. 

which  T'Tra  1p«  liU  wli.Te  worV  li>nrl   «d  iidditioBkl 
force   '  '     which 

CUDDi.i  :  r.l  wiirk 

on    dl--  —  Lftnitnn 

Lnni^i,  i^ti.  IP,  lSb7. 

This  U  an  admirable  bonk  Excellent  in  detail  and 
exticaltun.  aolhlng  bellor  could  bo  <le«ired  by  the 
praclilliiurr.  Dr.  Flint  eiirlchet  bU  aabjiicl  with 
mneb  nulld  and  not  »  Utile  original  oboervatloB  — 
BttHkiHg'i  AUtttraet,  Jan.  1607. 


I 


Dr.  Fllnl'i  ireallee  !•  one  of  the  moflt  trantworthy 

5 Hides  which  we  can  eonautt.  The  style  !■  clnur  and 
Ullnct,  and  i«  aleoconelee,  being ftee  from  that  tend- 
ency to  orer-reflnemeat  and  oonseeeeary  miuolenep* 
which  chariirteri/eK  many  worka  on  the  iaue  ■ab- 
ject.—Ditfr/in  iftdicnl  Pre«t,  Feb.  9,  1867. 

The  chapter  on  PbthUi*  It  replete  wtlh  Intereiit ; 
and  hie  remarkn  on  the  dlognOHl*.  eiipecUlly  lu  the 
aarly  etagev,  are  remarkable  for  their  av'nuien  and 
great  practical  valoe.  Dr.  rilnt'i  ityleleoiAir  and 
•lagant,  and  Iha  tone  of  frMhoau  and  originality 


JPOLLER  [HENRY  WILLIAM).  M.  D., 

^  Phf/tician  to  St    0»itrgf'4  U'ltpllal,  Lonfinti 

ON  DISEASES  OF  THE   LUNGS   AND  AIR-PASSAGES.    Their 

Pathology,  Physical  Diagnosis,  Syinptoms,  and  Treatment.  From  the  veeond  and  revised 
English  edition.  In  one  handsome  octavo  volume  of  nboat  600  pages,  clutb,  S3  60. 
Dr.  Puller'*  work  on  dlteanee  of  the  rheel  wae  rut  Hceordtugly  we  have  wlml  might  l«'  with  parfoet  Jut- 
favorably  reeeived,  that  to  many  who  did  nut  know  lice  slyUd  an  entirely  nvw  work  from  hi«  pen,  the 
theexteat  of  biHenfjagemeBla.it  waaamatterof  won-  portion  of  ibe  work  treating  of  Ibe  heart  and  great 
der  thai  It  ahonld  be  allowed  to  remain  three  year*  veeoeU  being  excluded.  r<ev«rtheleHii,  thli  volume  la 
oat  of  print.  Delerioloed,  however,  to  Improve  It,  of  almost  equal  iii«  with  the  first. — London  Ifwifnul 
Dr.  Vnller  would  not  content  to  a  mere  reprint,  and    Tfme*  oMd  CtoMttt,  July  30, 18€7. 


I 
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7LLIAMS  (C.  J.  B.).  M.D., 

Beittitr  Gun**MlHg  PKyticia-n  to  IKt  Hntyital  for  OoitftxtipHait,  Brampton,  and 

LLIAMS  [CHARLES  T.),  M.D., 

Phynielnn  to  the  Hn»p(lni/nr  Pnmmmptttjn. 

PULMONARY  CONSUMPTION;  Its  Nature,  Yarieties,  and  Treat- 

ment.     With  an  Analysis  of  One  Thousand  Cases  to  eseDiplify  its  dnration.     In  one  neat 
oatavo  voluma  of  about  350  pages,  cloth,  $2  60.     {Latti^  Puilitk^.) 

Beeanttlil  speak  from  a  more  eoormooo  experl- i  prerioa*  saibor;  but  probably  there  it  no  malady, 
eoce,  and  a  i-lo»er  study  of  the  murbld  pri>ee«Mt  in-  the  Iretttraenl  of  whieh  has  bees  i>o  much  improvnd 
volved  III  tubercaloKia,  thati  moHl  living  man.  He  within  the  loal  twenty  yetr>  at  palirionarycoQHUfnp- 
owed  it  to  btm»«lf,  and  la  the  importance  of  the  tub-  tion.  Toonrselves,  Itr.  WllltainH't  cbxpierann  Treat- 
J«ct,  to  embuiiy  hit  viewt  la  k  teparate  work,  and  meat  areamoegot  the  most  valut>>le  itnd  tttrncliveln 
wn  are  glad  that  be  hat  aeeomplltbed  tbi>  daiy.  the  l>ook,  and  woald  alone  remler  It  a  tlandurd  work 
After  all,  the  grand  teacbl tig  which  Dr  Wllliamthat'  of  reference.  Is  conelnrloa,  we  wonld  record  nnr 
for  the  profeuioD  le  to  be  found  In  hl»  iberapDntleal  opialon  thai  Dr  WlHlaniA't  grenl  rrputarion  It  fully 
ehaptert,  and  in  the  history  of  Indlrldaal  catet  ex- 1  maintained  by  Ihu  book.  It  1*  ondimbledly  one  of 
leaded,  by  diot  of  eara,  over  ten.  twenty,  thirty,  and  the  mo»t  valnsble  works  In  the  laognagt  upon  an/ 
i.—L&ndiin  Lanctt,  Oct.  SI,  1871.  i.pecial  dlMaoa.— iiOiid.  Jfed.  Ttmos  ana  Oat.,  Kov. 


•ven  forty  years. 

Bis  laaalts  ara  mora  favorable  than  those  of  any  I 


4,  1S71. 


LA  BOCBB  Off  PSBUM05IA.     1  vol.  8vo.,  oloib, 

of  ftOO  pageit      Price  W  iK), 
SMITH  lis  CONSnMPTION  ;  ITHBAKLT  ASD  Rl 

JIEDUBLB  STAGES.     I  vol.  bvo  ,  pp.  "i&A.    «3  3S   ' 


WAL8HB0N  THB  DtEEABESOr  THEHBART  AKD 
ORKaT  rBS:i<EI.S.  Third  American  sditioa.  la 
1  vol.  8vo..430pp.,  aloth.    tS  00. 
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HlITBT  C.  LXA'a  PUBLIOATIOVfl 


ffOBERTS  (  WILLIAM),  31.  /).. 
A  PRACTICAL  TREATISE   ON  URINARY  AND    REN 

EASES.  IncladiDf;  UrioAry  DeposiU.    Itluatratrd  bj  Diuneruof  c&*e*  kod  es«:' 
ond  AmrriPBti,  frnm  the  Second  Revigerl  and   Enlnrpptl  Lond^D  Editifta       id    us^    •'■r» 
nnd  hnndaome  octavo  volume  of  016  pages,  with  a   colored  plM«  ,   clolb,  $4  i%.     {l^t^if 
Puitlit/ted.) 

The  DUlhor  hits  tiibjectad  this  work  to  a  verv  thorough  rarisiun.  nnd  ba(  Miu^Ut  to  mm%»4f  tt 
It  thr  rr*u1lii  of  Ihe  Iftlfttt  experience  nnd  inrei«ti|;ntiiin>  Although  rvrry  effort  hm«  bM«  aaUt 
to  keep  it  within  the  limitg  of  il»  former  lite,  it  hii«  )>een  enlarpeil  br  a  hundrvd  fM^a*,  •Mf 
new  wood-cut*  hiive  hewn  iDlrndnoed.and  iil»o  n  colored  pint*  repiesenlioK  the  •(•i^M^ae*  af  iW 
different  vnrieties  nf  urine,  while  the  price  hiu  been  retained  iH  the  tonuer  v«ry  iB«4«rM«  nta. 
TUe  pUo.  It  win  lliOK  111-  rnion.  In  T»ry  r.impl'-le.     .Il"*4i>e«  »(•  li»ri>  oxatnlnAi)      It  l«  ^wlUnf  •AoM 

•  111  ifi.' «-i.tii.  T  ii,- i,.^:..r  IT  ..r  AiB»rU»«|irMBfc»- 

r.'  c  '  r««iK«»t  af  I 

-J  r.! 


•nl  ItH-  II 
lli  tl 

or  III 


in 


,-1,1,1,   it    li, 


Ixira  mrrlftil  <>til  )■ 

•  ''irjr.     The  ll^ll^n•ct*r• 

V  well  ilc»crlh<'il.  aud 

iM  'I  '  I  .  y  i'r>'-"iil  iiri"  lllun- 

I  by  uuiiitruuo  well  un- <  '■'t'lf*       " 

reinaiDK  to  n«  to  'tt:>iit:  •'   'o  >mr 

•r«  l»i.  R«ti«rl»'»  work,  »«  '  n  ititinlrii- 

ble  Hmimt  of  (ho  preneot  "Ute  uf  kuiiwlnlge  of  nii- 

Bar;r  dts«it«t>a,  and  a»  n  kufe  und  r<>tubl«  goide  to  the 

ollatctil  ub»erver. — Btlln.  Mat  Jnur. 

The  ioi»tiiomplateand  pmcUcal  treatiM  npoD  riDal 


d'- 

galluii- 

liod  a  I' 

Jfct.     T 

tl.,.l..g,. 

mlcrim- 

otnely  r.  I  ■ 

execDied  va^riiirlota. — CincinatUi  J 


r»i«a*iT 


(t-al  *td^ 
'  -It  ••  H 

••0 


kv  •« 


DASH  AM  iW.R.),  MD., 

JJ  Stnior  fhytMiin  tn  the  W*Jttm(rmtHT  H>ntpUnl,  /te. 

RENAL  DISEASES:  a  Clinical  Guide  to  their  Dianmosis  and  TrealBMtiL 

With  illniitratioDg.     In  one  neat  royal  I2mo.  volume  of  304  pagea,  clotK,  $t  M. 

The  ehjipt)4rii  on  diagDuxUaDd  trealmoDt  are  very 

8ood,  nod  th«  litadpat  auil  ynaag  praolllliinor  will 
ud  Ihftiii  fall  of  TalDablopracttcttl  hlaU.     The  third 
part,  aa  IhA   nriae,  in  exrnlUnt.  aDd  we  eordlally^ 


ilatallR  of  Ijirger  books  bora  ae>)nlr*  a  a«v  I 
from   tbe  aotlinr'*   a rr«ii «•,■»*«(      Tlil*  |Mfi  *f  lU 
b..ok  U  full  of  (!.....!  W'.rk  — fir«  ciiMl  fhr.    " 
IhirurffUtilJitvitw,  July,  ISiO. 


recomnieDd  Itc  peraaal.     The  author  haa  arranged  , 

hli  mailer  in  a  lumewhal  novel,  and,  we  think,  \t*»-        The  ea>y  de>crlpttoa>  and  eoaipact  aiada  tt  alaaa- 

fal  form.     Here  everything  ean  be  eaally  rogad.aad,     mnoi  rendor  the  bank  plmtalaf  aad  M«* 

what  la  more  Imporunt,  aaally  read,  for  all  the  dry  I  Jourm.  Jttd.  SeUne—,  Jsly,  1670i 


rOXES  (G.  HANDFIELD).  M.  D., 

V  Phtjtifian.  to  St.  M'iri/'»  H"trUnl,*e 

CLINICAL    OBSERV^ATIONS    ON    FUNCTIONAL   NII^.m' 

DISORDERS.     Second  Amerioao  Edition.     In  one  hand^ocae  ootAVu  volaitta  .C  U-  ,^tt, 
cloth,  $3  36. 

ZI.yroLy  {D.  F.].  M.D., 
Phvoinian  to  (hi  Pxp'trtmrHt  nf  KtrvnuH  DUfntu,  fturtnH  /)(»f«Mi*»ry. 

ELECTRO  THERAPEUTICS;  \  Concise  Maniml  of  Me«l{«I  V.} 

oity.     Inoneverj  neat  rojftl  !2mo.  volume,  cloth,  with  illuittrations,  f  I  &0       i'    ■ 


The  Work  I*  mnv^oieat  In  "lifl.  U»  d8>crlpll»D«  "f 
method*  and  ii|ipllance»  are  nulBeienlly  Cimplotn  for 
Ihn  {[ruxrul  prartiiloDFr,  and  Ibe  rhnptor*  on  Electro- 
pliyaloKiKy  aud  dla^uonlii  ar»  writ  nrlileu  and  road- 
able.  Par  ib>ii.e  w|j<j  with  a  handy-baok  of  illntrllaii,, 
for  tlie  otnpiuyiunut  of  ftsl  vauimn  In  uii>ill«la»,  Ihix 
will  K-rve  a-t  a  v*ry  good  and  rtlUble  guide.— jVctc 
Rtmr'tlut,  lift.  1S74 

II  la  a  w«l|  wrilleo  work,  and  caleaUted  to  meet 
Ihe  denmode  »(  Ihn  bnay  practitioner.  It  oonlalon 
llto  litla^ni  r>»iiNHrii|>eii  la  iliU  liit[i(irlaat  branch  iif  med- 
Iclnr.— Pi'Hiii»>i/'»r  y.iMrji.  <i/  iftii  ,  Oct.  1871. 

Emineully  prarHnal  In  character.  II  will  amply 
repay  any  i>De  for  a  rarefat  peruaal.— X«aiMnuN>rA 
Jfttt.  Utrald,  Oo(.  1H74. 


Tbl«  little  ho.^k  l>.  ri>D>)-l<>rl>ie  •!• 
vrry  be»t  nf  f      "^      ''   '     - 
hn«  tone  to  " 
rnrn  ra**rtt  of 

prlaciple*,  niAi  II.  V.  i  .n  i..  i  7 1...  n  v  >:  <.  ^' 
thnrfby  >applylug  a   ml    wkut.   ia«ie^  mt  Mf*aa 
rneri-ly  lo  lliiod   the  lll«rary  niurfc«t       Dr.   Llaw'a  • 
myle  I*  n«ii«lly  n-m.irkabty  virar, 
lioiik  la  readable  and  laiereailas' 
SHrff  Joni-n.,  July  ^t,  1*74. 

Wp  here  brrx  In  a  «mall  eoap»M  •  gvaal  4aa]  *t 
valuable  Inrnrinatlun   iip<>«  (he    aak^art  af  Kol"^ 
Electricity,— «'.i>i.i,/ii  , v.  f  a»4  S^rm  ./-•'-«     ^-t 
1M4 


•«4  ia»  •«•« 


s 


LADE  (D.  D.),  M.D. 

DIPHTHERIA ;  its  Nature  and  Treatment,  with  an  aeootint  of  th«  !!»»• 

torj  of  ita  Prevalenue  in  varionn  CottntriM.     Second  and  reriaad  •ditto*..    la  «••  simI 
royal  l2mo.  voliune,  eloth,  $1  25. 


PfUDSON  (A.),  M.  /).,  M.  R.  L  A., 

•A-a         Phytieinn  to  th*  .Ueath  HoMjtital. 

LECTURES  ON  THE  STUDY  OF  FEVER. 

IS  60.  

TTONS  (ROBERT  D.),  K.C.C. 

A  TREATISE  ON   FEVER. 
eloth.  ti  Si. 


Id  one  roL  8to.,  dot^ 


In  one  octavo  volume  of  369 


• 


pUMSTEAD  {FREEMAN  J.],  M.D., 

J~^        Priifminr  of  Vrtitrtnt  Di»eam» at  lh»  dnl,  nf  Php»  anil  Surg.,  Sete  Tork.  *e 

THK  PATHOLOGY  AND  TREATMENT  OF  VENEREAL  DI8- 

EASES.     Including  the  rmtultfi  of  recent  inTejtigationii  upon  tb(>  (objeot.     Third  ediUon, 

TeTi«e(l  and  tinliirged,  iritta  illu«trati»n(.     In  one  large  and  bnndiome  ootavo  Tolome  of 

over  70U  pnges,  oloth,  $5  00  ;  lenlhor,  $A  00. 

In  preparing  lhi«  standard  worlc  ngnin  for  (be  pre£i«.  the  author  hn.i  itahjected  it   to  a  very 

thorough  reriiiion.    Many  portion*  bttve  beeti  rewritten,  and  much  new  matter  added,  in  order  to 

bring  it  completely  on  a  level  with  the  most  advanced  condition  of  tivphilogritphy,  but  by  careful 

aompressiun  of  the  teit  of  previoui  editiong,  the  work  has  been  incrensed  by  only  »lxty-four  page*- 

The  labor  thug  bestowed  upon  it,  it  \i  hoped,  will  insure  for  it  a  oontiDuaoce  of  it«  position  •«  a 

eomplate  and  troalwortby  guide  for  the  practitioner. 

I(  l«  the  mo«t  eompUleliook  with  witlch  we  are  ae-  '  much  Rpecial  enniinntii1»tloii  ajiirilitltredeeiiMurkhad 
i)a*int«d  Id  the  laagnice.  Tbc  lulem  ri«w»  of  Itie  |  am  1i««ii  piihltnlim]  Ao  «  Ihomnjbly  prnrlleal  bnok 
best  iiattiorlM<>K  »r«  pulforwKrd,  aad  the  laformatinn  oa  a  clrnti  of  ill»oni«>*  wtilch  form  •  largp  >hiira  of 
tn  well  HrrangoJ — a  (Toal  p<ilnt  for  the  itadent,  and     nenrlr  nr<>ry  phyHiclauV  practice,  llie  riiliiint)  befota 


•till  mom  for  the  practltloDfr.  The  intfJectB  of  »!»• 
eertil  <iyphi)|ii,  syphlllilc  nffeeltoti*  ff  the  eye*,  and 
thetreatitietil  ofoyph.iU  l>y  rupealedlnocaUtlonf.  Kre 
vary  fully  dinciiened — Londnn  L'tnixt,  Jan.  7,  1$71. 

Dr.  Bam»te*d'«  wnrk  U  already  lo  aalTerfally 
kaowB  at  the  bmt  Iroitse  Id  Iba  KaxlUh  laogna^  <iu 
Venereal  dl»eaa«ii,  that  It  Dmy  »enni  ultn»«i  HnpHrAn. 


a«  Is  bv  dir  llio  haul  of  wiilob  we  bure  knovlodge.— 
I/,  r.  iMlriil  QotHt*.  Jmh.  IM,  1871. 

tl  !■  mrti  in  Ihii  lilxtory  of  mndlrine  In  And  anyone 
book  wbtrl)  ennmin*  all  ttial  u  praelllioDer  Deedn  to 
know;  while  (ho  p"«»H»«or  of  "Bnm>l<>«>I  i>n  V'en*' 
rewl"  Khk  do  ncnanloa  to  look  oatiilde  of  lt>  cuTem  for 
ntiythlDK  prndldiil  eoaaveled  wltb  (be  dt,igao>4l«,  bla> 


on*  totay  ntoreof  It  tb«D  tli»i  a  new  edition  hi«i^  been    tory,  or  iroiiiianal  of  ihera  affeclloaa. — If.  Y  MhUcaI 
Uiaed.     But  111*  HOChor'n  lodiialry  ba«  reodvred  Ihle  :  /uurnui,  Uitrab,  1871. 
■ew  edltton  Tfrtiially  a  a«w  work,  and  lo  merit*  a*  ' 


flULLERIER  {A.),  and 

V         Burgron  to  the  UipUitl  <f  n  JTWt. 


iilUgt  nf 


nUMSTEAD  (FREEMAN  J). 

■a-'        ProffJin-rrnf  Krnrr^n'  t*ii'i""*  in  tfir  Cnl'i 
PItlifirinntnnd  Surgmnt.  S.  T 

AN  ATLAS  OF  VENEREAL  DISEASES.     TraiislaltHl  and  Ediu.l  hy 

Frreham  J.  Bdmstcad.     In  cue  targe  im{«rial  4to.  volume  of  328  pagei,  dnuble-oolnmna, 

with  W  platen,  containing  nbont   150  figureg,  beautifully  onlored,  many  of  them  the  gj«e  of 

life;  strongly  bound  in  cloth,  $17  00;  also,  in  five  parli,  (tout  wrappers  for  mailing,  at  $3 

per  part. 

Anticiputing  a  rery  large  Bale  for  thig  work,  it  i«  offered  at  the  very  low  price  of  TnRlcs  DoL- 

tAita  a  Part,  thufi  placing  it  within  the  reach  of  all  who  are  inl«re«ted  in  this  department  of  prao- 

tiee.     Oentlemen  desiring  early  impressions  of  the  plates  wonid  do  well  to  order  it  without  delay. 

A  specimen  of  the  plutes  and  text  sent  f^ee  by  oaail,  un  receipt  of  25  centa. 

We  wliih  for  anee  that  our  prorincew»K  d<>(  rei>trlel>  |  which  for  It*  kl ad  U  more  neeMMryfor  tbera  to  hsTe. 
•d  to  methods  uf  trrAluieut.  tbat  wa  might  «ay  «oiiii» 
thlBD  of  the  exqntMte  colored  plate*  In  this  ▼olauie. 
—London  Prrtctittoner.  May,  liJMt. 

A*  a  whole,  U  lesclie*  all  that  ran  be  langht  by 
mean*  of  plate*  and  print. — Ltmdfon  Lanett.  Uarob 
IS,  16«8. 


-tJalifimia  Mrd.  OoMUa,  Hansb,  1S6». 

The  moHi  spleudidly  tllostnted  work  In  t^e  l*a- 
(aage,  and  Id  our  opiuioa  far  more  asefol  than  (he 
srenrh  orlyloal — Am.  Jnum.  }Std.  SfrtrficJi,  Jan. '60. 

The  fifth  and  coooladlng  lumlter  ortbUmnieaiaeeni 

work  b>*  r«*tbed  a»,  and  we  have  ao  fae*iiattoB  la 

Snperlor  to  anything  of  the  kind  erer  before  laraed    ««yiag  (bat  il»  lllu"tratlon»  »ar]j*m  ibose  of  preriun* 


on  thU  coolia<<nt — Canada  ifed.  Juumul,  Mnrch,  '90 
The  practitioner  who  do'lren  to  nodemtaod   Ibin 

branch  of  medicine  lboroD|;hly  sboultl  obtain  tbia, 

the  most  eompUte  and  >M«t  work  eTor  publlahed.— 

DvmtnUm  Med.  Journal,  May,  1669. 
TU*  Is  a  work  of  master  bands  on  both  sides.     H 


oambert.— ilas<(>i»  Med.  and  Hirg.foHnnil,  Jan.  li, 

lAiili. 

Other  writer*  besides  H.  Callerler  have  iPtlsen  n*  a 
g-ood  sreoiiol  of  the  dlneanec  of  which  he  treat*,  but 
no  line  has  furnlxhed  n*  with  such  a  complete  sertet 
of  tlliiii(r*lluD»  of  the  veaereal  dl*«n>«*.  There  U, 
Cnllerlerlsiicarcely  tecoDd  to,  we  think  werany  Irnly  '  however,  an  additional  Intereot  and  rahie  poflseMed 
say  la  s  peer  of  the  illnittrions  and  Tenerable  RlcorJ.  by  the  vnlnme  before  n«  ;  for  Id*  an  American  reprint 
while  In  this  cnnntry  we  da  DO(  he«ilale  to  say  that  and  translation  of  M.  Cnlleriar'a  work,  with  Incl- 
Dr.  BnraiiteHd,  as  an  aathnrtty,  la  wltbont  a  rival  deolnl  rrmnrks  by  oneof  the  moai  eminent  Anierlcan 
Asattring  nnr  readers  that  Iheise  illnalratioDa  (ell  the  xyplil1»j{r.%pbri*,  Mr.  tiaUiMvui.  — Brit,  tnd  Far. 
whole  blKtory  of  Tenereai  dlMaxe,  from  11k  Inception  i  Mrdicct-Chir.  Stvitui,  July,  18tt9. 
to  It*  end,  we  do  not  know  a  «iagle  medicnl  work,  | 


rpLL  {BERKELEY), 

St^rs/to^  to  tht  Loek  Hmtpttal,  london.. 

ON  SVPHILLS  AND  LOCAL 

one  handsome  ootavo  volume  ;  cloth,  f  3 

Brl Dosing,  a*  it  dnea.  the  egilr*  llieratnre  of  |h«  dt*- 
•aee  down  to  tbc  present  day,  and  ici  ring  with  gre*t 
atilllty  the  rexnitt  of  modern  research,  II  l"  in  every 
reaped  a  most  deiirable  work,  aiid  one  which  shonid 
tad  a  place  in  Ibe  library  of  every  anrgeon. — CaJ(- 
furnia  Mud.  Oiutttt,  June,  ISiH. 

Considering  the  scope  of  the  book  and  the  earefal 
attention  tu  the  manifold  aspects  and  delalU  of  Its 
•nhleet.  It  ta  wonderfnlly  conds*  All  tbeae qualities 
reader  II  aaeapeelally  valuable  book  to  tfa*  beginner. 


In 


CONTAGIOUS  DISORDERS. 

35. 

to  whom  we  wonld  moat  earnestly  reeomninnd  Its 
ftady  ;  whl)«  It  Is  no  leas  osefnl  to  the  practllionsr.— 
St.  t,ouU  iffd  and  Sarp.  Journal,  May,  18tift. 

The  moat  eonvenlent  and  ready  book  of  rsfsreaea 
we  have  met  with.— y.  7.  Med  Record,  May  1,  ISOt 

Most  admlrjibly  arranged  for  both  .<tndent  and  prae- 
itlloDer,  DO  other  work  on  she  subject  eqaals  It ;  It  Is 
more  simple,  mora  eaxity  sindied. — Bufalo Mrd.  itnd 
S»ro.  Journal,  Meroh,  ISM. 


k 


2^ErSSL  (/?.).  MP. 

A  COMPLETE  TREATISE  ON  VENEREAL  DISEASES.  Trans- 
lated from  the  Second  Enlarged  Oermnn  Edition,  by  Fnipiiic  R.  SroReis,  M.D  In  one 
ootavo  volume,  with  illu titrations.      yPreparing.) 


80  Hbnbt  C.  Lea'b  PTTBLioArioNa — {Dueasfis  of  the  S3Kn). 

IKTILSON  (ERASMUS),  F.K.S. 

ON  DISEASES  OF  THE  SKIN.     With  Illnslrations  on  woo.l.    Kv 

enth  AmericAn,  from  the  sixth  and  enlarged  Engli«h  edition.     In  oa«  l«rg«  o«taT«  wlaa* 
of  over  SOO  pages,  $5. 

A  SERIES   OF   PLATES  ILLUSTRATING  "WILSON   ON  DLS- 

EASKS  OF  THE  SKIN;"  consisting  of  twenty  be*ntlfoIly  r- •'   ■       ofvliMlto- 

teen  »r«  exuuicilely  colored,  prwentinp  the  Normal  Anaton;'  •  ol  Ik*  ifkaa 

and  ombraoing  aouarate  repregeutatinns  of  ahont  one  hoadrr  . 
them  the  aixe  of  nature.     Price,  in  extra  elolh,  $b  50. 
the  Text  and  Platei,  bound  in  one  huadsome  volume.     Cloth,  $10. 


Alio 

No  oa»  troaltoK  <lcta  dUeasSR  rIiodIJ  Via  irlthuni 
a  copy  of  IhlH  ntHodard  work..— Oiiniula  Lunctt. 

We  CMQ  iufeljr  r«o<jiiimedd  it  lo  ihe  prore«»loo  ai 
the  b««t  wiirk  od  (lie  »iilij>-cr  dow  In  cxlwlvuce  li 
the  EogllHh  \Aafti*%K.—MTtiiciit  Timvi  und  ffntmtt* 

Mr.  Wllson'a  mlatDe  \»  ita  exoxllcDl  dtgml  iif  Ibt 
Hclnnl  niuoaai  of  knuwiKdge  ai  cntxoeon*  dIseHiwe 
It  locludefi  «lnio>l  eTfrjr  (kcV  ar  nplnlou  of  Importanei 
cuoneriAd  wlih  the  uDalomj'  and  mtihology  of  lli« 
iikla. — Britinh  and  Piiraign  Mudiral  Rtvitw. 

(faeh  ft  work  ae  (h<i  od«  befnre  n»  1»  a  mo«(  capital 


iod  acceptable  belp     Mr 

is  high  aa<b<>ri(jr  In  llil"  'i 

hli  book  on  .|i-'-i'--  ■■' 

fitrded  »>■  i>D. 

•  abject.     Tb. 

ind  broDghl  u,.  ... 
b>i  ed\tliiD  we  taara- 

y(  pUlfF  tllailrallr 

;lon  publ|p>li««i!  -  -■"- 

plale>,  oeiirl ' 
Ushliing  will. 
I  ill •«»••«. — C'l"-""'""!'   Lt, 


DT  TffE  SAME  AOTHOS, 

THE  STUDENT'S 


BOOK  OF  CUTANEOUS  MEDICrNE  %nd  Pu- 


KASBB  or  TBB  BKiM.    In  One  very  hand«oma  royal  l2mo.  Tolome.    $3  50. 


t  u  a  ««#4.  Ik* 


J^ELIGAN  {J.MOORE),  M.D.,  M.R.I.A. 

A    PRACTICAL   TREATISE   ON    DISEASES    OF    THE    SKIN- 

Fifth  American,  from  the  teoood  and  enlarged  Dublin  edition  bj  T.  W.  BcUkar,  i 
In  one  neat  royal  ISmo.  volume  of  462  pages,  elolh,  S3  25- 

Pollyf-^uil  to  all  ther<-quiri<niea(8or«laiJiinl»  and  L 'beir  T  .' 
yonug  |irart<tloo«ri.  — />u//rin  ifrU.  Pmn.  '  fully  <■ 

Of  the  remaloiter  nf  tlie  work  we  have  DOthlo^  be- '  ?""' V 
yodd  unqaaikBed  oommeDdalloD  to  mITit      It  \»  mi  far  I  '*"■  '•'■  '•""^' 

the  ni<i>t  coiD)ile(e  one  of  its  Hkie  tbat  ksH  ii|ipeared,        The  niual  coDTeoleBt   manaal   of  4l**a«ai  if  ita 
aod  for  tb«t  ittudvDt  lhi>rei!uii  he  Dime  vtilch  ran  cum-    akin  that  can  be  proenr<e«  by  Ihe  eta^^oL.— C 
parewilh  it  In  pmclleal  valne     All  (be  late  dliwu      Mii.  Jimrnal,D*t.  1804. 
Teries  Id  Densaioliigy  bare  been  daly  Docleed,  tad 
^r   TUB  SAME  AUTHon.  

ATLAS  OF  CUTANEOUS   DISEASES.     In  one  beautiful  qoaHo 

Tolnme,  with  exquisitely  oolored  plates,  &o.,  presenting  nhoiit  one  hmiimt  tartsda  rf 
dimaie.     Cloth,  $6  60. 

The  dlagnoiili  of  ernptlre  dUntiie,  however,  fltider  I  IdiHii-'I  r.i  i-u-l  l.-r  11   «  v^rr  aotwrfor  wsfV,  «•■ 
all  eirciimiilaiice*,  U   very  dllBcalt,     Noverthelnhii,  {  i  .  -  >J  i 

Dr.  Neligan  h&scorlalaly,  "•i>r»raspo»>lble,"|pvpD  i 
«  faltbfalaBd  aocorme  repreaeDlalinn  of  ihia  olaan  uf 


dlssasee,  and  there  oan  be  no  daabt  that  theite  plate* 
will  b«  of  great  nee  to  the  «ladeot  and  practitioner  In 
drawlDgadiagsodiai  to  the  cla««,  order,  and  tpeelet 
to  which  the  parlicDlar  cam  may  belnDg  While 
looking  over  the  "Atlaa"  we  have  been  iodnoed  to 
rsamlna  atao  the  "Practical  Traall««."  and  we  are 


AciHn|ieiiJ   which    will   vu/j 
tloDor  lii  Ibl"  dldciili   branck 
wllh  the  b«aollfal  pUi^^     r  :  i. 
inwrkublo  for  their   > 
It  oonstllalc*  •  Trr  \ 
of  a  praelleal  man  - 


fJILLIER  [THOMAS),  M.D., 

■*■*  FhyMMnn  li>  Ihe  Skin  Dtpartmf.Ht  nf  ITnlvtrtUy  OalUgt  BorpUnl,  *«r, 

HAND-BOOK  OF  SKIN  DISEASES,  for  Students  and  Pmrti 

Second  American  Edition.     In  one  royal  12mo.  volume  of  368  pp.     VTitk  Din 
Cloth,  12  25. 

We  can  coaacieDtloo'ly  recommend  It  to  the  «ta- 1      It  i*  a  eonelps,  plain,  pmciloU  tr«»Ma*<«  ihevatl. 
dent;  the  style  In  clear  aod  pleaaant  to  read,  the    one  dlseanee  of  the  akin  :  1a*l  eoeh  a  »«rk.  la 
matter  la  good,  sad  the  deaerlptlnna  of  diae«s«,  with    aa  waa  much  needo'l,  both  by  medical  <tvi«(4<  j 
the  modex  of  ireatuinni  recommeoded,  are  fr«<)aently    praoUtloaara.  —  Chteagu   Mmlical 
lllnitraled  with  well-recorded  caeei. — London  JKm.    18U. 
IViiM*  and  OomU*,  AprU  1,  18M.  I 


ANDERSOX  QtcCALL),  M.D.. 

^*-  Phfi»ician  to  l/u  DuifHLntuiry  far  Skin  DitttutM,  Olatgoft,  A<*. 

ON  THE  TREATMENT  OF  DISEASES  OF  THE  SKI^.    WIA" 

Analysis  of  Eleven  Thousand  OoDseoutive  Cases.   lu  one  vol.  8i'o.  $1.   (^Malp 

ODERi^ANT'S  SCKDIOAI.  0HKASK8  OP  lyrANTS  I  OHWBSB    ON    THE    PHTStCAL    AtXt    «BI>l>*i.i 
AXD  OtllLDKG.N,     Tr*a«l«l«d  by  H.  J.   btliiaii-        TKHaTMIirr  OF  rHtl.UKKK      »»«'«**«l 
aoa,  VL.O.    1  vvt.  sru.    Cloth,  %i  SO.  |     I  vol.  tve.  of  MA  pagaa.    Oloik,  M  tO 


Hbney  C.  Lba'8  PDBLiOATTorrs — (Diaeoftes  of  Children). 
StMITH  {J.  LE  WIS),  M.  /).. 

A-'  Prftfittfir  of  VnrhM  Aniftnmy  in  tht  Bfltftnu  Biurpitttl  JVM    OnlUffn,  IT  T. 

A  COMPLETE  PRACTICAL  TREATISE  ON  THE  DISEASES  OP 

CHILDREN.    Second  Eilition,  rerUod  nn<l  greatly  enlarf;«4.     In  one  bandiome  octavo 
volume  of  742  page*,  clotb,  $b;  leather,  $rt.     {Lattly  Publish*d.) 
From  the  Prbpacb  to  the  Sbcomd  Edition. 

In  presenting  to  the  profeiiion  the  reoond  edition  of  his  wnrk,  the  aothor  gratefully  noknow. 
ledgea  the  fjivomble  reoeptinn  sQcimled  to  the  first.  He  has  endeavored  to  uerit  ii  contiuaitnce 
of  this  npiirobalion  by  reodrrirg  the  toIiiidf  much  more  oumplete  thikn  befurr,  Ncftrlytwenly 
ftdditionnl  dig«a.«e!i  have  been  trented  of,  among  which  may  be  named  Diseases  Inaidentnl  lo 
Birth,  Riichiils,  Tuberculoi'i)',  Sorofuta,  [nleriuittent,  Reuiitlenl,  nnd  Typhoid  Fever*.  Chorea, 
and  the  various  forms  of  Paralysis.  Many  new  fnruultc,  which  experience  has  gbown  lo  be 
u»efu],  hlive  been  inlrnduced,  portions  of  the  text  of  a  less  pnictical  nntare  have  been  con- 
densed, Hud  other  piirlions,  especially  ibnita  relating  to  patholngical  biotology,  have  been 
rewritten  to  correspond  with  recent  discoveries.  Every  effort  has  been  made,  however,  to  avoid 
an  undue  enlargeinent  of  the  vulume,  but,  notwithstanding;  this,  and  an  increase  in  the  site  of 
tb*  page,  the  number  of  pngea  has  been  enlarged  by  more  than  one  hundred. 

327  WIS.HT  4»TU  Stasxt.  New  YonK,  April,  1872, 

The  irnrk  will  be  found  lo  ooniaiit  nriirly  onelbird  mnre  matter  than  the  previous  edition,  and 
it  is  confidently  presented  as  in  every  respect  worthy  to  be  received  iit  tha  standard  American 
t«it-book  on  the  subject. 


r 


E>niut>atly  prarltcal  mi  w»l1  •■  Jndlclons  In  M> 
t««eblBga. — (Hnninnali  L<ineii  ond  (jl*.,  July,  IW8. 

A  Ktuoditrd  work  Ibai  leavtih  liirli  I'l  bA  deolrod. — 
Indtnun  Jiiumat  •>/  Htdininr,  July,  lb72. 

We  know  of  uo  boolt  on  lb)«  anbjeet  that  we  eaa 
aore  cordially  reeommtDd  lo  ibe  medical  *tudeot 
and  tbepractiiioner.— C(nciHnci<(  Clinic,  J  \iatVt,  '72. 


VT*  recard  II  aa  tnperlnr  lo  any  otbM  otsgle  worll 
oa  ifae  Ji><>a.M>a  of  iufaney  aud  ebtldhoud,— XMroti 
Rsn.  of  ileA.  and  Fharmuey,  Aug.  Ib7i. 

V7e  ronfe**  lo  ioerca^ed  eDtlin''la«in  lo  rnCOnnneDd* 
\ag  thl«  (Muud  rdUloo.— tf(.  l^tttt  Mtd.  itnd  Surg. 
J'/urnal,  kag.  IS73. 


rtONDIE  {D.  FRAXCrS),  M.  D. 

A  PRACTICAL  TREATISE  OX  THE  DISEASES  OF  CHILDREN. 

Si.Tth  edition,  revised  and  augmented.     In  one  large  oetavo  volume  of  nearly  BOO  olosely- 
prinled  pages,  cloth,  $5  35  ;  lealbrr,  $4  25. 

ii-«rhpr»,  A"  a  whole,  boWov<>r,  the  wnrlt  In  the  h^al 
AmcrioaD  bne  that  we  have,  and  la  lltagir^iiil  AiU|>ta- 
llao  lo  Aioerican  practllioner*  ll  carlulnly  liaa  no 
sqoal.  — /'etP  Tort  Mft.  fi«fMrtt,  March  'i,  1S«8. 


\ 

The  pr<i>(>ut  rdirlnD,  which  ti>  th«  aikth,  k»  ftilly  np 
to  lb*  tlmralo  the'llaoataliia  of  all  (h»>e  p.>liii*lu  llm 
>athul<'«y  aad  irestaienl  of  InfanillA  diBetiM>»  wtilcb 
Vave  been  brought  forward  by  Ibe  liermau  »ad  Creocb 


W 
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EST{€HARLE.'?).  MP., 

Phutirinn  to  th/  llnrfrilnl/itr  Sirk  Chlldrm,  *e 

LECTURES  ON   THE   DISEASES  OP  INFANCY  AND  CHILD- 

HOOD.  Fifth  American  from  the  sixth  revised  and  enlarged  English  edition.  Tn  one  large 
and  haniiaoin*  oetavo  volume  of  fi78  pages.  Cloth.  $4  60  ;  leather,  #5  50.  <Jm.»<  htu*J.) 
The  continued  demand  for  this  work  on  both  sides  of  the  Atlanlio,  and  its  Iranslntii.n  into  (ler- 
roan,  Frenih,  It.-ilian,  Danish,  Dutoh.  nnd  Russinn,  show  that  it  fills  lialisfmitorily  n  want  exten- 
sively felt  by  the  profession.  There  is  prob.ibly  no  mnn  living  who  cnn  s|.«ak  with  the  .■Authority 
derived  from  a  miire  extended  experience  ihsn  Dr.  We«t,  and  hie  work  now  presents  the  rvttilte  of 
nearly  20(10  recorded  oases,  and  l100  post-mortem  exnminatinns  selecud  from  nmong  nmrly  4«.0()n 
oases  which  have  pnsaed  under  his  oar».  In  the  prepiinition  f.f  the  preoent  edition  he  liBsomilted 
much  ibiH  apiieivred  of  minor  importnnoe,  in  order  to  find  room  for  the  introduction  of  .iddillonal 
matter,  and  the  volume,  while  thoroughly  revised,  is  therefore  not  increased  materially  in  viae. 

i>f  all  the  EnglUb  writer*  on  tba  dlaeama  of  cbll- I  ll*ii]|;«athurUln«  In  IhHitimetlt  dopartmeal  of  roedl- 
4 ren,  there  la  BO  use  oo  sullrnly  xalisfactary  to  na  aa  |  eal  acUuee  la   wbloh  he  la   ro<i«t   widely  koowa.— 
Dr    Weat.     For  years  w«  haw  held  bi»  •>ploion  a*     Bitttnn  Mtd.  and  Surg.  Journal, 
,  Joili«iAl,  aod  havaregafdad  htm  aa  one  of  the  blgbe«t  | 

DT  THE  8AXK  ACTBOR.    {Latttly  Itunud.) 

ON  SOME  DISORDERS  OF  THE  NERVOUS  SYSTEM  IN  CHILD- 

HOOD,-  being  the  Lumleian  Lectures  delivered  at  the  Royal  College  of  Physioinns  of  Loo- 
don,  in  March,  1871.     In  ooa  volume,  small  12mo-,  cloth,  $1  00. 

gMITH  [E OSTA CE),  M.  D., 

Phytieian  to  th»  Sorthunut  fjundon  Fra  Dirptnaary  fur  Sink  phthirfn. 

A  PRACTICAL  THEATISE  ON    THE  WASTING    DISEASES  OP 

INFANCY  AND  CHILDHOOD.    Second  Amerionn.  from  the  second  revised  and  enlarged 
English  edition.     In  one  handsome  octavo  volume,  clotb,  $2  50.     (Lnttiy  ItiHtd.) 
This  ta  la  every  way  *.a  kdmirabl*  book.     The  '  aoHbed  aa  a  praeiteal  handbook  of  ibe  comnua  dls- 
ia»d*tt  title  wbleh  ib>  aalbor  huacliuaearor  lltcaro*.  I  eafmaafeblldren,  so  onmerooa  are  the  alTwetloaa  coa- 
ly euaveyaao  adf   •:■'     ''   ■:  of  the  many  mbjeeta  |  atdered   either   eollatonilly  or    directly.      We    are 
ap»a  whiabit  irt'  .:  I»  «o  cou>laoi  an  at.  i  acqaaloted  with  so  safer  guide  to  ibe  treatmeat  of 

MDdsnt  apan  lb>  •  hildhood,  that  a  Irea-    ohildreo'a  dl«ea*e>,  and  few  wurka  (Its  the  lotighl 

Uae  npoti  iha  waaiiij,;  air"u>">iu/childr*u  luual  oecea   |  into  the  pliyiili^lvgical  aiid  other  pecuilarilla*  of  cbll- 

aarily  emlirace  the  cooaldi<ri(iloD  of  many  affections    dren  that  I>r.  Smith's  bookdoaa. BrU.  Mtd.Jourm., 

•f  which  II  laa  »ytnplon) ;  and  thltla«xc«ll«atly  well     April  S,  1871. 
doDo  by  Dr.  Smith.    Tba  book  might  fairly  be  de- 1 
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Hbnby  C.  Lia's  Publications — {Dineanet  of  Womnn). 


rpHE  OBSTETRICAL  JOURNAL,    {Free  of  pottag*/or  IB75.) 

THE   OBSTETRICAL  JOURNAL  of  Great    BritAin  »nd  Inhwi, 

Including  MipivirKRr,  nod  the  Diseases  or  Wohbn  amp  InrAnrtK.     Wllk  wt  Kwitm 

Supplement,  edited  by  William  F.  Jbmcs.  M  D      A  mDoihly  nf  abu«t  S«  i>«t«r«  |afi^ 

ytty  ban<)somely  printed.     Subicription,  Fire  Dollftrs  per  annam.     BukfU  S«aWi,M 

cents  each. 

Commencing  with  April,  187S.  the  Obntelrieal  Journal   eon»i»t«  of  Or!<.in«i  I^smt*  fcj  Br» 

!ah  and  Foreign  Conlrihutorg  ;   Trjin.«nctiunB  of  the  ObctetricftI  Sooialir  !iil  >a4  ftlrMi. 

Reporlt  of  [Ui.'riitnl  Practice;  ReviewR  and  Biblioffniphical  Noticiea  ;    A'  t  Xe«»«.  U^ 

rinl,   HiftorirnI,  Forensic,  and   MifceUnneoa?;    Selection*  from  Journal:;    Cijrr«»prrd»^™^  Is 

Collecting  tojcdber  the  vast  Hmount  nf  materi«l  daily  aeeumulnting  in   thi»  iwporiaat  »kj  i». 

pidly  Iniproving  department  of  medical  *eience,  the  value  of  the    i*''* vi.....   -..  ..    .  ^,1,^ 

sentg  to  the  i4uhiii<riber  niny  be  estimated  frnm  the  ohnrneter  of  the  ^ei  (y 

promiiied  their  Bapi>cirt,  iiicludiii^;  iiuch  nnmeK  lu  thofoof  Drs.  Attuili  riT 

BbNICBT,    TilOUAH   CuAMDKnS,   FlBETWOOD    CnilRCniLL,   MAmiKWS     I-  TT, 

Braxtox  Hicks,  Alprkd  Meadows,  W.  Lkisiihafi,  Albx.  Simi'som,  'i  J. 

Tilt.  !^pkmcbr  Wells,  Ac.  ke.  -,  in«horl,  iherapreeenlativemea  of  Briii-n  '.'ujk  1.-10  u.i  'v** 
oology. 

In  order  tn  render  the  OsKtETRirAr.  JornxAt.  fally  adai^nats  io  tli*  wanta  nt  \\t  .taxrlaa 
prufc»~'inn,  enoh  number  cimliiins  a  Supplement  defoled  to  the  advance*  matle  \-  ni 

Qyn«eoln)^y  on  this  ride  of  the  Atliinlio.     Thl«  pnrlion  of  the  Joaraal  it  oD'I  -it 

charge  of  Dr.  William  F.  Jknks,  to  whom  editorial  commaDiealiona,  •aebaoga*.  vi-u  ur  <» 
view,  kc.,  may  be  addrei«ed,  to  the  cure  of  the  publinber. 

*«*  Complete  rets  from  the  begltining  can  no  longer  he  fnrnisbad,  bat  aubseriptidaa «■■••» 
mence  with  January,  1875,  or  with  Vol.  II.,  April,  1874. 


fpnOMAS  [T.  OAILLARD),  M.  D.. 

PT<ifr)stor  of  OA^rtrVr*,  dr.,  in  tht  Onlltifff.  of  Pkptfe(afn  ami  Surf/ton»,  Jf.  T  ,  Jtr. 

A  PRACTICAL  TRRATLSE  ON  THE  DISEASES  OF  WOMEN    Fognl 

edition,  enliirged  and  tboron);bly  rcTiaed.     la  one  large  and  bandaoiae  a^taro  f el«m« fi 

800  pnge.i,  with  lill   illustrolions.     Cloth,  f6  00;   lewlher,  $«   (»).      (.Ymt  R^u^f^ 

The  tiathor  bii«  taken  advnntnge  of  the  opportunity  afforded  by  the  call  fnr  a  not  In  i  lOiO  rf 

thin  work  to  render  it  worthy  a  continuance  of  the  rery  remarkable  furor  with  wbirb  11  teeW« 

received.     Erery  portion  baa  been  nabjected  to  a  cooi<eientiooi  reri«ion,  anil  no  labor  ba»  Waa 

spared  to  make  it  a  complete  (reatite  on  the  mor<t  adviinced  eondilioo  of  \ta  importaBl  i«^i*«t 

A  few  notice*  of  the  preriouR  editions  are  subjoioed  : — 

Prof^'isorThomgii  fjirly  look  tlip  rrufosston  of  the        Ho  gannral  praetitloner  eaa  aff«r4  le  U  wHa«i 
Halted  Suiei  hjr  <t<jrm  wbso  lil-i  ho<ilc  Rrsl  made  iu    It. — HL  LnnU  Ifod  unit  Surg  JovrtuU,  May.  ttt 

apiiien'a'KB  e»rly  lu  INiS.     It«  reception  was  *\my\j 


«Dtbu«laHlic,  aotwKliHtHudiD;  «  1>yv  adveme  rriit 
eliinij  frurn  our  inm»alliiuttc  Irelhrea,  ih"  nr»l  l«.r(ce 
etJIildD  wu  rnpldly  vxhaaited,  itoii  io  mix  inoutlit  n 
secuud  oue  wa*  lannod,  aud  In  iwii  yea.r6  a  (bird  one 
wan  annMiac^d  »nd  pnblUhed.  and  we  are  qow  prr>- 
ml»ed  iIk-  fimrlh.  The  p'lpalarlty  of  (bis  wurk  wan 
Dot  epbfineral,  aod  ita  Knecenn  ira>  noprecedeuled  lu 
tbeauuaNor  Amnrtoaa  iii«<lieal  lUeraiiir*.  !iixy»ara 
la  a  loug  ii<>rlud  tu  medical  tcientlflc  rew^arch,  bal 
Thoina"'*  work  uu  "  Di!tea'<e»  of  Womon"  Is  still  tb« 
leading  nallre  prodnclion  uf  th«  tTnltad  Statea.  Tlii.' 
order,  (be  matter,  tbe  abiiear^  of  theoretical  dUpula-  '      Ofall  ibe  artuy  of  bi«tlc«tfa>t  ima  ayyaaia^  rfhti 

llrrueM,  tbe  faliaeuof  tialeineat,  aud  the  elegance    j- --...■j. ..l. -ft      fialit- 

nf  dletloo,  preferred  Ibrnugbuut  tbe  eolire  rau<e  of    we  kai>w  of  n  ^"' "     '    -  ' -    tkt*a,ia4 

tbe  bonk.  Indicate  that  ProfeMor  Tboma*  did   not    practical  a*  i  reeai^l 


U>  able  atithur  need  aot  faar  ^omfrntSum  %aKmm 
It  and  aoy  •Imllar  ir.irl,:  In  liio  £ac:j-li  liafiMi; 
nay  lOiirr.  a<  a  IPS  mbc«I» 

f->r  praclltl'iner*.   ■  >!1«I    B 

either  xliiileDt  ur  |  •••  harfl 

oa  diaeaaeanf  woDii-u  tin:  Lo^k  *U>iii;4  to 
— Af»tr.  Juur.  M*<i    Setmnct,  Apttl,  'HtX 

To  . :  'itatlBfly 

the  I'  :>■■■•■  nflha 

St   /,'  >  .  Jaaa.  IM». 


<tu 


orere^lltnale  hl>  powar*  when  bo  conceived  tbe  Idea 
and  execnied  tbe  work  of  prudacltig  a  new  lreali«« 
ui'OD  di^eaiei  of  wotnea. — Paop.  PaiLax,  ia  Louts- 
vilU  M'd.  Jaurnnl,  Sept.  1871 

Br1<>fly,  we  may  «ay  that  we  kaow  of  aii  book 
which  so  completely  aad  coacl»ely  repreients  tbe 
preaeat  atate  of  gyoaiealogy ;  ooee  >o  fall  of  well- 
dlfeatedaad  reliable  teacblag  ;  aone  which  baapeaka 
au  aaihor  more  apt  Id  reaaarch  aod  abtinlanl  In  ra- 
aoareea.— Jir.  Y  Med.  Xtevrd,  Hay  1,  1873. 

We  ahonld  not  hedoloy  oar  daly  to  (be  profeaalon 
did  wo  not  tell  thoae  who  are  uoacqiialnled  with  the 
book,  how  oiiich  It  li  rained  by  gyaaKologlaia,  aod 
bow  it  U  ia  many  reipeete  ooe  of  the  beat  text-b<h)k< 
00  the  «nl)]<^c(  wepoaamein  onr  laojraage.  W«  hare 
BO  hexliation  in  reeorauiendtnf  Dr  Tbomaa'e  work  a* 
one  of  the  uoat  complele  of  ita  kind  erer  pabll<hed 
It  iihoald  b«  la  tbe  po«i-e«»lan  of  «Tery  praciltlonor 
far  reference  and  fur  mtidy,— £on<fon  Lauoti,  April 
37.  1872. 

We  are  ftea  to  aay  lliat  we  re^rd  Dr.  Tbenaa  the 
beat  Aroerlean  aatborlty  on  diaaaae*  of  women. — 
ClwefnaoK  ^nr«(  ani  tib^tner.  May,  ti}72. 


moreempbiii 
llooer,  a«  hl> 

1669. 

It  would  be  aapartaotta  to  fl*w  aa  »ne*A«i<  I 
of  irVial  in  sow  drmljr  eatabltatteJ  at  i%»  Aaau^oa 
iPTCl  b..ok  of  Oynatoolojy  — /T  J.  M*4.  Ommm.  M9 
1;,  18(19. 

Tbia  1*  a  new  and  rerlaed  edlUoa  af  a  vara  mwu% 
w*  rerrntlr  ootl(>i>il  »l  •.^m«  lorn^h,  tnt  aaraeally 
eoiumf*Dded  to  the  ^  'tra 

The  fact  that,  Id  ^W 

•eciisd  edllluo  <aal< '  aa 

(xoaml  JOdgiUHUl  I't  tli»  pro 
Armed  Iheoplul'ia  wagavaat  thai  lit 
tnnctl,  Aag.  l!)«l> 

It  ia  ao  abort  a  time  tlaee  we  («*< 
the  lint  edtlloB  of  ll>U  liook,  thai  * 
aeoeiiaary  oow  to  r» V  -"  --^  -  '  ■*  , 
ane>  of  the  work  < 

aai]   we  can  nely 
brilllaalreeeptioa  hip  bi.ua  B»»r«»ir»4,—jr  f  Mtd. 
/damol.  AyrU.  1M9. 


^gl^gilg 


o. 


HiTOATrf»KB— (/)M«ajtBii  of  Wf^mtn 


H 


ODGR  [HUGH  L.).  M.D., 

Smtrtlu0  Prr/rJt/tor  ij/  fyi*tttHe*,  Jke.,  in  th*  CntttrHty  (if  PttinJiylwinUi 

ON  DISEASES  PECULIAR  TO  WOMEN;  inchuling  Displarements 

of  the  Uteru«.     With  oriiriniil  iJlu»tratioD»      Second  edition,  revised  nnd  enlftrged.     In 
one  beaatlfully  printed  DCtavo  vol  uro«  of  53 1  pftgM,  oloth,  $4  50. 


From  PKor.  W.  H   brroKii,  «//Ji«  S\uih  Mniitftl 
OiAUpt,  Ukicnf/u. 

Tba  book  bun  th<<  Inipreoa  of  >  miitil«r  haod,  ftni] 
BOKl,  «.«  ilK  predwreMor,  proTeHccevt"''!' 1" 'hi!  pro- 
fb««10B.  Id  Hlioik***  nf  woniKD  Or  HodgA  hK*  eatiil)- 
Usbcd  a  acboul  of  tr«*tin*Dl  thai  baa  b»com»  world- 
wMii  to  raiD« 

Prvifomitr  Hai)fc«'i  work  («  iraW  aa  ori^rEail  nn< 
from  b>>rinolag  lo  nod,  caa»ijqn«atl;  nu  ou<*  cao  (>■■- 
roDti  tt«  pHjC-^n  wlthnnl  teaming  uiinethluK  new.  Tlie 
bouk.  wtilcli  Ik  by  no  laeaosalargn  nne.  U  divided  (am 
two  gr*nd  nectloos,  so  lo  apeiik  ;  flrst,  tbnt  treiiling  of 
th«  nsrvonx  itj'iupathlcsor  the  atsras,  auii.  Becoodly, 


bal  which  Apoiiki  <^rih^  mMhaDlcal  Irettmeol  <tt  A\f 
ptaeementa  of  ihat  orjtsn  He  1"  4i"P"-'  .1,  o"  a  non- 
•>elte»er  Id   the  frerjnency  of  ir,:  nf  (be 

nlprnn,  to  lake  etruDc  (^runnd   >! .  of  ih* 

higbe«t  antbortlieii  In  ihiii  bran-.  '   <.o,  iiud 

thp  argumente  wbtob  be  olTera  lo  iiu|i|H>ri  <>.'  liii  p<i>l 
tlon  ar*.  tn  tay  Ih*  l«««l,  Wftll  rnl.  Nnm'ironn  urixtd^ 
eat* adorn  tbi>  porlioo  ot  ih«  work,  aad  rt<)d  iDcalrn- 
lalily  to  the  proper  appreclallno  of  Ihe  T»r!oaiily 
•ibaped  iDKtrninntilii  rofrrmt  to  by  oar  «nthor  Aa  a 
contrlbullon  to  the  Kind  y  of  women'*  dUe»««»,  II  lent 
great  ralue,  and  l»  ^bnodanllr  able  lo  alnnd  on  ill 
01*  inerlU.— a:  Y.  Mrdicai  lUtord,  B«pL  >A,  IS6S. 


Vn-EST  {CHARLES),  M.D. 

LECTURES  ON  THE  DISEASES  OF  WOMEN.    Third  American, 

from  the  Third  London  edition.     In  one  neat  ootaro  volame  of  about  650  pages,  cloth, 

t»  75  ;  leather,  $4  75. 

oeeking  troth,  and  one  thai  will  eonrlnce  the  nlndont 
that  he  Ua«  cominUled  himself  to  a  eaudld.  tafe,  aad 


I 


A*  a  writer.  t)r.  Weet  ataodn,  lo  oor  uplnlon,  ite- 
eond  only  to  Watocin,  the  "Mticaalay  uf  MMIcloe;' 
be  pO«a«ii«R  thai  happy  facalty  of  clolhlog  inecroC' 
tlon  la  eaay  garmentx ;  cumbiatn^  pleature  tritt 
proBt,  be  lead*  bU  pnpll*,  in  •■iiite  <>f  the  aueient  pro 
▼erb,  aIoD(  a  royal  ri>ad  lo  learoiog.  Bin  work  U  one 
wbleh  will  not  lallafy  the  extreme  on  either  aide,  bal 
It  la  one  (hat  will  pleaao  the  gre^t  majority  who  art 


Tilaable  guide. —^.  A.  Mett -Ohirurff  Rrvine 

We  have  to  ear  of  it,  brledy  and  decidedly,  that  ll 
U  Ibe  ht'tt  work  on  the  enhject  in  any  iangnoce.  and 
Ihaf  It  »l«n1^»  Dr.  Wjiat  a*  Ihe  fneilf  prineep*  of 
Brlliab  obstetric  author*.— BrflitftMrpk  Jf««.  JovrniU 


I 


I 


T>ARNES  (ROBERT),  M.  D.,  F.  R.  C.  P., 

■^-^  Ofi'ltirir  Phifulcdin  In  W    Thotntu'it  ffntfilt'lt,  *c 

A  CLINICAL   EXPOSITION   OF   THE  MEDICAL  AND  SURGI- 
CAL DISEASES  OF  WOMEN.      In  nn-hnnH.nrne  oet»»n  vnlnme  of  about  800  pogefl,  with 
lft9  illnntraMoDK.     Cloth.  $5   00 ;    leather,  Sfi  00.      Ijiirt  I»-iui>,iA 
The  very  rompletp  licnpe  of  thin  rolaine  and  the  manner  in  which  it  ha*  been  filled  out,  mny 
be  ieen  by  the  subjoined  Summary  of  Contents. 

r?iTHoncrTio5.  CnirTitR  1.  Ornrieii;  Corpun  Lnleom.  II.  Fallopinn  Tubes.  III.  Shape  of 
Uterine  Cnxity.  TV  Struclnre  of  rterna.  V.  The  Vnpina.  VI  Examinalioo*  and  Diajrnoiia. 
VII.  Sifrnlilcnnce  of  Leiienrrliopn.  VITT.  Iliiichnrftefi  of  Air.  IS.  Wntery  Pi»phnrsre».  X.  Puru- 
lent Dirrhariteii.  XI.  Hemorrh.t|cic  Disfhnrees.  XII  Ripnificnnne  of  Pain.  XIII.  Sittnificiirce 
of  Dy«pareunin.  XIV  Sij?niflc.nnce  of  Sterility.  XV.  Ineilrumenl.Tl  PinKno»i»  nnd  Trentntent. 
XVI.  DinffnnRjg  by  the  Tnaoh.  the  Sonnd,  the  Speculum  XVII.  Menntruntion  and  iN  Di.ior- 
der*.  XVIII.  AmenorrhcpA.  XlX.  Amenorrbcea  'rontinued).  XX.  DyfUienorrbo^n  XXI. 
Ovarian  Dy^raenorrhrpa.  Ac.  XXII.  InBammatory  Dy^meniirrhopa.  XXTII.  Irresfuliiritief  i>f 
Change  of  Life.  XXIV.  Relation*  between  Meni>trHiilion  und  Ptaenoea.  XXV.  Disorder" of  0'i| 
Age.  XXVI  Ovnry,  Absence  nnd^ernia  of.  XX  VII.  Ovary,  Hemorrhnpe,  A<j.,  of  XXVIII. 
Oenry,  Tobernle,  Cancer,  .tc  ,  of  XXIX.  Ovarlnn  Cysliti  Tiiiuora,  XXX.  Dermoid  Crifi?  of 
Orary.  XXXI.  Ovarinn  Tumors,  Proenofi*>  of.  XXXII.  Pinjirtioeis  of  Ornrian  Tiiraori«  XXXIII. 
Ovarian  Cy*t«.  Trealraent  of.  XXXIV.  Fallopian  Tubes.  Disenscs  of.  XXXV.  Broad  LIra- 
mente,  Di-'eases  of  XXXVI.  Extra-uterine  Qeiitniinii,  XXXVII.  Special  Pathology  of  Vi« 
rui.  XXXVIII  General  Uterine  Pathology.  XXXIX  Alterations  of  Blood  Snp|i'ly.  XL. 
Metrilii.  Endometritiji,  &e.  X LI.  Pelvic  Cellu]itl«  and  Peritonitis,  <kc.  XLII  Kivmittoeele,  Ao. 
XLin.  Displnoemenls  of  Uterus.  XLIV.  Pt^pliioeDients  (continued).  XLV.  Ketroversion  and 
Retroflexion.  XLVI.  Inversion.  XLVII.  Uterine  Tumors.  XLVIII.  Polypus  Uteri.  XLIX. 
Polypus  Uteri  (onntinned).     L.  Cancer.     LI.  Diseases  of  Vagina.     LII.  Diseases  of  the  Vulva. 


Embodying  tbeloDgexperlenre  and  pergonal  ubaer- 
Taliou  nf  one  of  the  greatest  nf  11  ring  iearher«ln  dla- 
•aeea  of  women.  It  «e»m«  porraded  by  the  preseur* 
•f  Ihe  author,  who  tpraka  directly  to  the  reader,  and 
•peaka.  too,  aa  one  having  authority  Aod  yet,  not- 
wllhalandiDg  this  diatlncr  pemonallty,  there  la  aolh- 
log  narrow  as  lo  time,  place,  or  iudlrldaaia,  in  Ihe 
Tlewa  preaepted,  and  )o  the  lnatrn«lion»'  glreo  ;  Pr 
Bame*  baa  been  an  atieotlre  atndent,  ool  only  of  En- 
ropeaD,bnt  alao  of  Amerlo«D  Hteralnre,  pertnlnlax  to 
dUease*  of  f^walea,  and  enrlrhed  hli  owa  experience 
by  tr'asaret  tbeoee  gathered  ;  ha  seem*  a*  familiar, 
for  example,  with  the  writing*  ufSlma,  Emmrl,Tbo- 

CHTRCHILL  O.V  THK  PnKRPERAL  FEVER  AMD 
OTHER  DfSEASKSPETCr.IAK  TO  WOMEN.  1  ewl. 
Std..  pp.  iOfi,  cloth,     f-i  M. 

MKIOS  ON  WOMAN:  HER  DISEASES  AND  THBIS 
KEMBl>I£8  A  Eerie*  of  Lecture*  to  hia  C|a** 
Foartb  and  Improved  Edition.  1  vol.  6vo.,over 
700  pac«a,  elotb,  •.*>  m  ;  I«athi>r.  %6  00. 

HBIOS  ON  THE  NATURE,  K10N8,  AiND  TKBAT- 
MBNT  or  CHILDBED  FBVKU.  1  vol.  (t«.,  m*. 
tlU,  Gloth.    t3  00. 


tna«,  and  PoH»lfe.  a*  if  tlieno  emlneul  men  weri>  hl» 
eoniitrym'o  and  colle*f<i"».  and  give*  th''m  a  eredll 
which  runal  be  grittifylnK  to  every  American  pbyai- 
elan. — Avi  Jovm.  3t*>t.  Set.,  April,  1871 

Thronghnot  Ihe  whole  book  It  I*  Imp"'  '•'  '  •  "  •'   "o 
feel  that  the»allior  Ima  rponlaneoiipty,  ■ 
ly,  and  fenrleAai;  |>erforn>«d  Mm  tat>l<.    I  > 

lo  the  point,  and  doe*  uol  loiter  on  the  »  ;,  t  .  ■  .:  --  f. 
or  iinarrel  with  other  authors.  Dr.  B»rue"'«  I'ook 
will  be  e.'igerly  rend  all  over  Ihe  worbl,  and  will 
everywhere  be  admired  fur  it*  e<iiiiprelien»iveur»a, 
bone»ljr  of  parpune,  and  ablliiy  — Tht  W-tlrt.  Joum, 
v/  Orvd  Britain  attJ  IrtJaud,  Mar«b,  1674 


ASHWELL'S  PRACTICAL  TREATISE  ON  THE  PIS- 
EASES  PECDLIARTO  WOMES.  Tbird  American, 
from  the  Third  and  revised  LuodoD  adltlua.  1  vol, 
8vo.,  pp  Si6,  cloib.    t3  M 

DKWBSS'NTKEATIbE  ON  THBDrSSAftRS  OF  FE- 
MALES. WUh  tttnatratlon*  Eleventh  Rdltloik. 
with  tbe  Author'*  la*t  lmprov«ra«ol>aad  correr- 
tloaa.  In  una  octavo  valtuae  of  030  oagea,  wtlh 
ptalea,  aloth.    $9  00. 


TiTffJ 


iPRICHSEN  {JOHN  E. ), 

*2/  Pr'iftntuT  of  anrgery  in  PnivrrtUt/  CnlUfft,  London,  ttc. 

THE  SCIENCE  AND  ART  OF  SUKGERV;  t  "*  od 

gionl  Injurim,    Di!<ca>ie!>,  »nd  O|*r«tloi)».      R»Ti»Ml   by  tt.  -'>jnfc 

«i.i  .-li.h  Edition.     Illa?tr«t*d  hy  over  «i>veD  hun-irr-.j   cuit^m.  m^.  -a*oa4. 

]M  I  beautiful  octavo  Toluinei>  of  over  170(1  pac«8t  olotb,  $V  00  ,  lc«tkn.  Ill  III 

iL       ..  :       -/.) 

Aiukor't  Pro/are  to  the  NfHf  Amfrimn  EiHtM«n, 

"Th»-fnvnrnWif  reception  with  wllieh  the  ■  Sc-ienoeund  Art  nffin--'"-'  ' ' kMl«n4 

Barginnl  I'li-frasii'D  in  ihe  Vnitfrl  Slntei'  dT  Atnvi\cA  lia»  he-rn  do'  f  ii 

tion  and  oC  jurI  i>ride  tn  me,  but  ha«  laid  the  fuiindnlirin  of  ttlxi  ;  (n»t 

■re  aDiiinfTHl  Ihe  mcreeiilile  «nd  valued  rer<>||ei>nonf  of  my  liff. 

"I  hnteendoiivored  to  mnkr  the  present  editiiin  nftliiiwork  mor*  ilr*erT-inirUiAaH»i 
of  the  iBTor  Ihnt  ha*  been  iieemded  to  thcni       1"       ;■-■■■■--,  i..,._.  .i-_.    ^:,T«  »»»f«4irt(y 

occurred  in  the  pulilicntinn  c>rthr  f-iith  British  1  ui*  I*  »d4utt« 

one  levrrnl  p'trNgmphs  nliich  1  trarl  will  be  fuui  t  of  tk»  *•«%.* 

Lol<i"i.<<,  Ucl.  I^71. 
On  n o  former  ed i lion  of  thtf  work  ha»  tb» *wthor  b««tow»d  in«»r«  p nf n«  to  r»n<t*r  It  •  «««yMt  mA 
B»ti(ifnrl<irv  e»p^l^ili'•n  of  Ilrili>h  Siirpery  in  it»  modem  nrf  "  r    |ia«  |mb 

loa!<lT  revised,  :in<l  n  Inrfre  nnmlirr  of  new  llluf>(rntionii  bsvi-  -  iJJtli— I 

niAte'ri.'il  thur  added  to  the  English  eititixn,  Ihe  nnthiir  bMfuru  .i!«n*4l 

materinl  ad  bus  aecumulnled  since  Ihe  pa#^a)t«  of  the  ibeet«  thruUKli  tho  pre<M  la  Loi 
the  work  m^  nnw  pr«i<ented  lu  the  American  profemion,  contnin*  hi*  1at*»^t  *Uw«  *b4  »%i 
The  inereiiite  in  the  itize  of  the  work  hnn  permed  io  render  neeriunry  iu  rfiTiciow  lu« 
Dlll«B.     Ureut  onre  hns  been  exerclned  in   itr  typaf(raphical  execution,  hd<1   it  it 
•«nl«<!  *A  In  every  rerr>e<.<t  worth;  to  inniniuin  ihe  high  repaUlt»n  wbieb  bA*  ttadmrwAU 
Ard  kathorily  on  thi«  deptirltnent  of  medioni  Mienao. 
These  Hre  only  a  few  of  the  polain  In   which  Ihe    elAlaii  In  hi*  pr(<firo,  rtiBTar*  Anlr.slb>4 


ll.Ntl     /> 


l.A>?.      Jf«i        fi 


•■■M4K. 


pr«M)tat«tllttaii  of  Mr.  Erirh'-eik'*  work  kurp&-»eii  lie 

riredwaenom.      Thrvnghoat   (here  1«  e*ldeace   of  «    ■otijeois  nf  iiwr* 

»borlon>i  c&re  muiI  •i>llrUiid»  Id  le'uiug  (he  iia^^lng 
koowlodg*  of  (bo  duy,  whith  retl*ri.  the  gre«te-( 
credit  ou  the  aatbur,  und  uiach  rnlmocen  the  mine 
ofhUwork.  Weco-ti  i«nly  mlinir'-lli'  iiil'i-tiT  which 
be*  eD«bl>'-l   Mr    ErlchMiD  lbii<  t"  :  I  chn 

dt»tractWB«'jf  »ciir^prac(lcr,io  [m  .aiIiv 

ally  TRf!  hook  ijf  refereuce  and  ntnit  |>riic- 

tlln)oer»  of  snrgery. — /,i>iMlon  /,ri7ic-/,''ci    'Z'-.  l!*"-.l 

Coukiderahle  change*  have  been  mado  Id  Iblx  edl- 
lloBi  and  Brarly  a  hundred  now  tllu*tratloui  have 

been  addi>'l     It  U  diiBruli  lo  a  finall  cimpaaa  (a  jioiot    praatlliuaer  ^Dttblin  ^uttrtmrlti  Jomrm<L 
ont  (be  i>lt«ra|lcio>aDd  addltloy*;  rui,  a*  the  au(bar 


piinlnn,  bill 
■utijeais  of 
tiii>  mo"!  V' 
b«  that  wli 
*od  Ihenpi 
In  frw  (exi-i 
rornmlloo  ciU' 
imi.  Id,  \fui 

The  eotire  Wiirk     «i>f 
treallwiin  Surgrr  v 
nnr  read«r>.  acju  i 
nludaot,  aud,  a.««  l>. — 


nRUJTT  {ROBERT),  M.R.C.S..^r. 

THE  PRINCirLES  AND  PRACTICE  OF  MODEU.N   SLKOI 

A  new  »nd  revised  AnienVan,  frfim  the  eighth  enlarged  and  iiutirored  Londo*  •^llilra. 
tntted  with  foar  hundred  und  thirty  tw^i  wmtd  engrnvingv.  lu  ooe  rarr  liaBdaaB*  I 
Tolutne,  of  nearly  700  large  and  clo«ely  printed  piigeg,  idolh,  $i  00 ,-  le«tb«r»  $i  M. 


All  that  ib»  nar^cal  aludeiK  or  praclllloaer  euald 
deaire. — IhifUin  Qtuirterly  Jnurtnit. 

It  1i  a  mutt  aHinlfBhU  boulc.  W*  do  not  know 
whvu  we  hare  examined  une  with  mure  plaaaurs.— 
flii«(M/i  Mfii.  and  Surg.  Jonmnl. 

lo  Mr.  Di  attl'a  book,  thoagh  euatalning  ooly  aottie 
MTCD  baadred  p*«e*>  bolb   lb*  prludplM  *kil  tbi 


f  -umrry   are   tr»»l^<| 


pracilr 
oer.1 
We    • 

eau  i;i; 

m>>r«uTet,   I 
baring  ihr 

lined,  and  - .     „    ■- . . 

tad  anoclaeu — Am.  Jirt^ 


»U4  M  Cl«tflf  «< 
■  xlqrliUla  every  loiyanal  lafB 
1  (be  bfwk   iii,.»i  tb«««««My. aol 


»i  a/  Jlmd  Itntmmm 


iSHTON  {T.  J.). 
ON  THE   DISEASES,  INJURIES,  AND  MALFORMATIONS  OF 

TEG  RECTUM  AND  ANUS;  with  remarkaon  FTabitunl  Conitipaiion.  6«e«B4  Aa«taR. 
front  th«  fourth  and  enlarged  London  edition.  With  bondaotn*  iUaslroii^na.  Immt^tn 
beautifully  {>rinted  o«t«TO  rolome  of  about  300  p*gea,  clotb.  $3  3&. 


H 


JGELO  W  {BENRY  /.),  M.  /).. 

Pniffxiiitr  of  Surpcrv  in  Iht  lf'itmir^tutttt»  JIfad.  OotUgr. 

ON   TflK    MECHANISM    OP    DISLOCATION   AND   F 

OF  THE   HIP.     With  the  Redaction  of  the  IHslnention  by  tb«  FUltoa 
numeroai  original  illtislrationi,       In  one  very  faandfona  o«tav»  wismc. 


Cl=l^] 


T  A  WSON  (GEORGE).  F.  R.  C.  S,  En-jt., 
INJURIES  OF  THE  EYE.  ORBIT,  AND  EVF.LIDS: 

diate  and  Remote  Effect*       With  about  one  hundred  illnatratlon*.      In 
«otne  octavo  voluioe.  elotb,  t^  AD 
It  la  an  admirable  practical  hook  la  lb*  hiaheat  aid  boat  aeaee  of  the  f>Taira      ftm^ 
m%4  ttotrit*.  May  1f^  ^f^i- 


HsMftT  C.  Lba'b  PuBLiOATTOWfl — ( SurgeiyY, 


book 

la 
111* 


ffRi'AXT  (THOMAS),  F.R.C.S., 

^-^  .Strgnm  to  Ony'*  Hurpllat. 

THE  PRACTICE   OF   SURGERY.     With  over  Five  Himdifd  Eii- 

grnvtnf;»  on  Wooel.     In  ooe  l»rge  «n<J  very  hnDdaome  oo<«ro  rolauiv  of  nuHrljr  ItiOO  pajjas, 
clotli,  $0  Si  ;  leather.  raiseJ  baoJ*,  f  7  25.      {Lateig  PuMiiJitd.) 

AgAiu,  iho  BUlbnr  ^v«»  d«  hl»  nwn  pmrtlrp.  m,    snd  fairly,  ypf  It  i»  ri>i  ronre  cntopllatlun     Thi- 
own  IjpIIoN.  »ail  lllQ»li«lM  by  his  .  i 

lro»u>il  lu  Ouy't  li»«pU«l.  Tti>'  i 
•iniili»»i>,  *ii<l  »  «ultdlly  loliU  aiiit-M 
exDllileucu      Oiio  le«lii    liliimelf  KlUf-i  t  y   il.^'  >.i.ii- ..r     «.MV.i>i>i<  vrlm  tins 

tbe  nnriiroa.  *K«lag  bin  wurk  and  hearing  bli  llflDg  '  swa  much.  '<■"  forth 

WoriU      Tbe  flown,  eie  ,  uf  ij|h<>r  •nrgruna  tn*  eun-  '  Ibn  reiult^  '  i»^'0   «• 

■lilrrcit   tA\m\j  »nd   fnirly,   boi    Mr     Brynnt'ii    are    r«|>eiii  wi»»i  w.- .i:i!.  .(  ^i  c.r-t,  ii^k'.  ^'- 1  ).ili 

■<l<iplrcl      Tli<kr>   |I>«  woilc    Ik   uot    a   r>ini|''l*il"U    of  <  l«  nii'' whinli  nrr  (•■lu  ri>ii>«'lri>>>"i<'-ly  i -ch 

iMhcr  wrliliit!i>;   II  U  oul  id  eacycl>ipio<llK,  liiil  Iha  i  tu  |iriiolltloii><r>  aDtl  iiluiluula  v>  uu  «  >    'k. 

IhIp  nrjttrini'atH,  on  pmclicHl  pciinlh,  of  n  ijihu  who     — DuUin  Jnurn.  uf  Mnl.  SrUuvt,  Aii£ii-t,  th7'f 

llrcJ  1.11.1    br.-«ilio.l   Aod  h.d  hl«    b<.lug   lu  tt.e  i      ^r    Brynnl  hA.  k.itg  hen  known  lo  (he  readJog 
iiX|*rlrnce^    Iho  wliulj   prMf»«%luO  i  norhon  of  tli.>i'r"f"'-loo  «mn  «bl^  eW..  .lu,!  ur^'hic 

l'"'i^l 'J'  .1'.?.7!!!'.''. ('"■..'"  I'l"!  '  *■••'«"••  ••l>"''  »"r«;iciil  »ul.)pcl,      Tl,-    •  .r» 

..  .  .    -.  .  ..  >         I  ii»  I,  oni' Kmlni-Dtly  upon  the  pr»clic.  iiU 

nd  onn  Willi  l]  Irxata  •(  Irugtii  on -nr.  n», 

(liaugli  111!*  f|i>«*  lliitl  itro  t>iil«rl«liii^<l  u|'l-u  luli  >ub- 


E 

rieh««i  KUrKKiil   »X|» 
owfl  n  ilolil  ui  (smi 

Id  Ihclr  l«li«ir  Wn  iiif>  coufldeot  ihat  tti«  Amerloin 
pnfe-aiuu  will  gtvK  (ubiiantliil  1<i>llmiii>ul  uf  lb<*ir 
r««llngi>  U'wirila  liulti  ■Ullmr  *Qil  |lullM^llrl.  by 
•  |>«e«lli'y  rxlinnallDg  ibU  rdlllod.  Wo  cordljilly  HUd 
lii>Mrltly  <''iii>u>ebd  tl  to  uur  rrieadu,  ktid  lliluk  Hint 
B'l  IWii'>tt>K<"<ii  can  afford  la  be  wliboMI  It  — iMrvii 
Srvieio<if  ituf.  unit  JVuirmm'y,  Augual,  ltt73. 

A>  ■  maciiial  o<  the  prA«lle«  of  (nirgcry  for  Iba  ui>« 
ol  the  •itidMUl,  we  do  out  beAltaU  lu  pri.<u>iuuc<i  Mr. 
Bryaut'n  bui'k  li  RtairHle  work.  Mr  Bryant  ha*  » 
g'lud  d<^«l  iif  the  dogmaMo  energy  wblcb  g<ir>4  wub 
the  elekr,  |>iv<n'.>nDO<'d  optaloa»  (if  a  lOau  whoae  ru- 
flrctUiD*  and  eic|>ert«iiee  have  iiiualdmi  a  rbantclvr 
But  wauilu^  lo  nrn>neuand  de<n«ii>n.  At  tli<>  Mime 
lluie  li"  ■••*•  bea  Willi  tb«  «D|ha»l«»m  of  ouv  who  ba* 
fallh  In  ki>  irarlilug;  be  apeakr  a*  una  baring  au- 
tburtty,  and  liareln  lln  tbe  charm  and  excellence  of 
hie  work-     Ue  aUlee   tbe  oplui.ms  uf  ulhert  freely 


jcfl  arc  aiiHlriiimly  inierapcrawd    Ihronifli  (lie  work 

r.r>i>l  I'tiariical   purpusau.      Aa  A  tozt-buok  w«  cboer- 

'iieud  It,  (<>eliiig  cuaTlDced  ibal,  from  lbs 

'•■r,  and    the  couCI>«  aud   trav  Wky  Ur, 

la  With  hia  aobjeci.  It  will  pruae  a   fwr- 

iiiiilni>l»  rival    •inonc  tbe   nunierona   aurglcal  taxt- 

biiok.^  wbir'b  am  olTvred  to  tbe  atudent. — A*,  l".  Jf«i. 

Jtrei'T'i,  June,  \isli. 

Tbl»  la,  a»  tbe  prnflice  alatea,  an  entirely  new  book, 
nnd  coalaios  In  a  luuderately  e>tDden>4d  furm  &I1  tbe 
Hari;le«l  iDfiirmatliin  neceaaary  to  a  geopial  pntell* 
ll.iiirr.  It  la  written  In  a  aiilrlt  ci>s-<lal«ul  wlib  tbe 
prrxcul  linprurvd  alaudArd  of  raedSeiil  aoit  aurgicul 
Mience.— American  Jvumai  uf  Ub«Ulr*«*,  Auguai, 
167.«. 


f/TTELI^S  (J.  SOELBERG), 

'  '  fTofmiirr  I'f  OphthtOtiiolngy  l»  Ktog'H  iTolUff*  Hmrpttill,  tt. 

A  TREATISE  ON  DISEASES  OF  THE   EYE.      Socond  Amorican, 

fruw  th»  Third  and  Revifeil  LoniJon   Eilitum,  with  Hdililionx  ;  illu8trikt«<l  with  nunit-ruuii 
eriKtaTingg  oD  wood,  a^nd  six  colored  pitttea       Tngelher  with  eeleetinns  from  the  Ted-lypec 
ol  Jiieger  and  SDcllen      In  one  large  *d6  very  hntniroinv  ootavo  volaiD«  of  nenrly  800 
\mgrt  .  i-lotb,  $5  Uti;   leather.  t<i  00,      {Lttlrly  Puhlirlitd.) 
The  continued  demand  for  lhi«  work,  'both  in  EnjEtaiid  nnd  (bin  country,  i«  itiffioient  erldenee 
that  (be  uiithiir  bM  luoeeederl  in  h\t  effort  to  eupply  within  a  reniionable  oon]|i.iM  ii  full  jiroctical 
digcft  of  opfatbalmology  io  it.'<  moet  niii<lrrn  aopcct^,  while  the  call  for  re|ieated  editiuci*   hn«  en- 
abled biin  in  bia  revi«ioiiB  to  louininin  lU  poaition  aliteo-M  of  tbe  tuoit  recent   inve«li);Kiion«  and 
tiu|>roy<'iiiotit(.     In  again  reprinting  it,  etery  eflori  hu«  been   made  lu  adapt  it  thnrouglily  to  the 
waiitA  ol  the  Americiin  prxotitioner.     Bucb  additions  n§  seemed   deiirable^are   been   introduced 
by  Ihr  editor,  Dr.  I.  Minig  Ilayti,  and  the  number  uf  iljaatrntiona  biuc  been  lurgely  inoreaiied.     The 
importum-e  ofteat-typrs  as  nn  nid  la  dingnosi*  in  fo  universally  acknowledged  nt   the  pTe5entday 
that  it  aeeinud  e>ieiitial  to  the  conipletenefa  of  the  work  ihnt  they  should   he   added,  and   oa  the 
author  rfcomuienda  the  u(>e  of  lbu<e  bulb  of  Jaeger  and  of  Snellen  for  differenl   purporee,  cetec- 
tion«  hftve  been  made  from  each,  ao  ihut  tbe  practitioner  may  have  at  oommand  all  the  a«i>iht- 
auce  Decr»ury.     Allfaough  enlarged  by  one  hundrt-d  pnge5,  it  baa  been  retained  at  tbe  former 
Very  moderate  price,  rendering  it  one  of  the  cheiipctt  vulunies  before  the  profescioo. 
A  few  DoticeB  of  the  previoits  edition  are  «ubjuiued. 


i)u  exanilalug  It  carefally,  uoe  la  not  at  all  aiir 
priaed  Itaal  U  abualil  meet  wlib    nnUeraal  fav 


luclil  auO  fli/wing,  therein  dttferlog  materially  from 


>al  favor.     It     aoiuo  uflbe  tranalailuD*  of  C'Utliioolal  writers  on (bla 
la,  in  &ri,  H  cuiiipreheuatre  and  tboroiiglily  piBCtlcal     »ubjacr  that  are  in  lite  market 


tBll< 


Itvallan  oil  dl-oaaaa  uf  lb«  *yv,  ••■llliig  lulltl  Ilia  prac-  tAkri 
iK-«  uf  tlie  leading  ucnliat*  of  Kurop«  and  Ameiica,  I  par 
auOgivli'glbn  Hiilbor'BvwuophilouaHiid  prefpreurea, 
wblcU  are  qiilie  dtclddd  and  woiiby  iif  Lifih  luoald 
rtatlou.  Till  ibird  Koiclish  cdttliin.  front  whirb  IhU 
!•  lakvo,  having  l»reo  revia^j  by  ibe  auibor,  eoin- 
priaea  a  uulifn  uf  all  lb*  lAore  revi'UI  adtauiCa  uiade 
in   i-pblbaiiiiK  aeiaute-    'ibe  style  af  tbe  irrltcr  la 


Io'cIkI   |<alaa  are 

1,1 1-,-u  w Lit  It  are 

<in- 

l-re- 

.     !..'  i>ud 

ably  iliuati  atnil,  and  at  tbe  nud  arii  to  Im  tontid  \t 
eHi-cllrul  coUirnd  opliibaltuuacopld  ngurea,  wliicb  are 
Coplea  of  kiiuie  of  the  platee  uf  Llebrficb'*  admirable 
atlaa.— XaRMW  VUy  Mat  /o«r».,  Jaac,  \VH. 


lA  URENCK  [JOHN  Z.),  F.  R.  C.S., 

■^  K'lttor  i\ftKt  t/pfuhalmtc  Rrtlttt,  »e 

A  HANDY-BOOK  OF   OPHTHALMIC   SURGERY,  for  the  use  of 

Practitioner*,     8e«ond  Kdition,  reriied  and  enlarged.     With  numeroai  illtutrationi.     In 
one  eery  bandnome  octavo  volume,  cloth,  $3  00. 

Pur  Ihoae,  bowever,  who  niual  aaxuuta  Ibe  care  uf  adlllon  tboae  aueaUles  which  bare  aeeorAd  Ibe  (obB- 
dl..-><>.»'.  iiiiil  iii)url«f  of  itif  <-vr<.  i>i,,i  wbu  are  luu  dence  of  tbe  prufoBaluit  aloco  tbe  appearaaee  tit  ble 
on:  lor  lima  lo  -  < -air  worka  oa  I  i*a(      Th<>  Tolunie  haa  been  cnaaMrrabljr  enlarged 

II.  iboaereeeui  .  i^aiellara^    land  ItiiproTrd  by  th*  raTlalon   and  addition*   of  'la 

>^  .      .  .andoihara,  ."^i  ■   will  prove  a     author,  expieaaly  for  tbe   Amerleaa  editloo  —  Jm. 

lale  »ud>rua(wurtbyfiiida.    Ue  lk*a  tlvaeiibed  to  ibit  I /owm.  JVad,  £r<«i»e«#,  J*B.  187u. 


m 


C.  LBA'H-PtTSErtiATIOl 


fpHOMPSON[SIR  HENKr), 

J-  Suri/ton  iinJ  Pro/nmr  a/  Olinlral  Surfffry  '«  trnt^trtUf  OoUe^t  Bnjrpttnl. 

LECTURES  ON  DISEASES  OF  THE  URINARY  ORGANS. 

illuntrittiona  on  wood.     Second  AinetimiD  from  the  Third   EnxHeb  KditioB.     Im  nm\ 

octavo  volume.     Cloth,  $2  25.     {Note  Heady. \ 

My  niiii  hns  been  to  proJuce  in  the  Niniiltent  pofflible  compMS  kh  epilamc   nf  |M«ctirml  k» 

\fo  rom«Tniri({  the  noiura  and  trrnlmpnt  of  the  difieasM  which  rorm  tb*  ABbJaet  of  Ui*  »i 

ind  [  Venture  til  believe  that  my  intenlion  biut  been  aior«  fully  r«Mti>«il    io    thi*  Tolliai*  Ui« 

•  either  of  its  \iT<!\\tiae»HiT9.^ Author' t  Prffnce. 

By  a  ulinnge  in  tho  t^pogfnpliic  iirr«0(t«Mnent,  the  very  coDziJeralile   ndililloiM 
have  been  acci/iiuinodnted  with  but  little  inarnii»e  uf  »iio,  and  the  work  ha*   bt«n    K    . 
luer  very  uiuderute  price. 


J)  Y  THE  8A  MS  A  UTHOR. 

Oy  THE  PATHOLOGY  AND  TREATMENT  OF  STRICTURE  OF 

THE  URETHHA  AND  URIVARY  PISTULiB.  With  pUtcs  anil  wood^cwU.  Frvm  Ite 
thir<l  And  revJHed  Knglinb  editioD.  Id  one  very  handBome  octAVO  T»laai«,  elotb,  M  M- 
(Lrilrly  Piihltiltrd.) 

ThX*  elaxBioul  work  ha»  to  lone  been  recognised  as  a  Dtandftrd  aaibority  oa  \%m  pafflaatef  «*b- 
jeot<  that  it  should  be  rendered  aooestible  lo  the  American  profeNsioa.  UavlaK  mayty^A  tk* 
advantage  of  a  reriaiun  ul  the  handa  of  the  author  witbin  a  few  inonths.  it  will  be  fouii4  to  pr«*»»l 
hit  latest  view*  and  to  be  on  a  level  with  the  mri6t  recent  adva.noea  iif  <urpieal  aoicDe*' 

Wiih  »  w.i  rliy  ot>MD  Ibe  I  *l>ly  koowB  bv  '  Ixfof  — . yw 

•nhjesir  of  \<  i  uoltro  Would  |  cnuKv  a  deiOAi  ■  >if  Wati  l«<f 

be  a  work  of  '  <  |la  auDDUaoe- l  ilinui>elrea  wrl.  at  mt  •■J|ai7  — 

men)  "f  aanllHif  Mjiisiu  -if  ^  wi.rk  ■•■.•  well  and  faror'  |  St.  LouU  JttA.  ArcKlvA,  Kt-b.  1*70. 


or  TUH  SAME  AUTHOR.     {Jutl  Iimtd.) 

THE  DISEASES   OF    THE  PROSTATE,  THKIR    PATIJOLOGV 

AND  TREATMENT.     Fourth  Edition,  Revised.     Id  one  very  han'iaixna  oaUftvo  tolmm*  W 

Hib  pageii,  with  tfairt«et]  pialrd,  phiin  and  colored,  and  illuiitrAtiritt*  on  woikL     Clotb,  fJ  t^ 

Thi»  work  is  recogoited  iu  England  &h  the  leuiliiig  uutbiiriiy  on  iLs  gubjnct,  anil    is  n>aa«Hn 

It  tu  (he  American  prof«iu<ion,  it  i;  kiopeJ  Ihiit  it  will  be  found   a   Irualirurlby  maJ   lattilbrtairj 

guide  in  the  treatoieot  of  an  obscure  and  iiopurtant  <}lu<«  of  affeolions. 


n^ALES  (PHILIP  S.),  M.  D.,  Swrgton  V.8.N. 


MECHANICAL  THERAPEUTICS:  a  Practicnl  Treatise  on  St 

Appjiratu«,  Appliance*,  and  Elementary  Operaliooi :  embrnciug  Minor  G^Tgtrj, 
•(;ing,  Orthopriixy,  and  the  Treutuient  «f  Fraclarea  and  DiBlocalivn*.  With  aix  baaAnd 
and  furty-twu  illustrotiona  on  wood.  In  one  large  and  bandaooie  oclsra  Totun*  «f  sbMl 
70U  pages  :  leather,  $6  76. 

mAYLOR  {ALFHED  S.),  M.D., 

^  fjfi'tur«r  uH  M<-i.  Jurlnp.  umt  CkemiMtryiti  Ouy' M  Bo»pitai 

MEDICAL. JURISPRUDENCE.     Seventh  American  Edition.     Etlll 

by  JuMN  J,   Rkissie,  M.D.,  Prcf.  of  Med.  Jnriiip.  in  the  Univ.   of  P«Bti.      !■  «•» 
octavo  volume  of  nearly  VIU)  pngei.     Cloth,  $5  OOj  leather,  $C  00.      [Jmu  ttmM.i 

In  preparing  f«r  the  preaa  ihisi  sitvtiith  Antttrican  edition  of  the  "  ManuaJ  of  3I<HJK-at  Jiar>fi< 
deuce'  the  editor  b«#,  through  the  courtesy  of  Dr.  Taylor,  enjoyed  the  very  f 
oon.aulling  the  ghttetti  of  the  new  edition  of  the  author's  larger  work,  "  The  i'n 
ticc  of  Meillcnl  Jurisprudence, "  which  !»  now  ready  for  publication  io  Luiidua.      lu:- 
bim  to  introduce  the  author's  latent  view*  upon  the  topioa  disouaaed,  which  u«  bcii< ' 
the  work  fully  up  to  the  present  time. 

The  note«  of  the  former  editor.  Dr.  Hortshorne,  aa  alio  the  numeruiu  valuable  r»fai»iii'—  u 
AmericiiD  practice  and  dvdii^ioug  by  bi8  »ucce«sur,  Mr.  Penrote,  have  been  retained,  wtUi  (t«i  faw 
lligbt  exceptions  ;  they  will  be  found  inL-lo8ed  in  ora«kel4,  di^!.i  letter*  |l|  }  •« 

(P.J       The  additiung  made  by  the  preiient  editor,  from  the  raai  ,  uaod.  amuttsi  i 

ablaut  one  hundred  pngeH,-   and  his  own  note«  are  designated  by 

Sekeral  lubject^,  uot  treated  of  in  the  furmer  editii>n,  have  been  nuttoed  in  Ul*  |faj»ul  u» 
and  the  w^rk,  it  is  hoped,  will  be  liiuud  to  merit  a  oouunuaoee  of  the  oottAdeaca  wklab  li  b^i 
long  enjoyed  lu  a  slandurd  authority. 

^r  TUE  SAME  AVTUoa.    (Satt  Rtody.) 

THE  PRINCIPLES  AND  PRACTICE  OF  MEDICAL  JURISPRU- 

DENCE.     Second  G<liiion,  Keviaed,  with  numeruui  IIIUDtraUoiia.     la  tw«  Ian*  •€«•?* 

voiumeit,  olvth,  $1U  OU ;  leutber,  $12  00. 

This  great  work  IB  now  recogniied  in  Englund  aa  P     "    •  "  .  '       " 

every  depiirtment  uf  its  impurtuot  «ubject.     In  layi; 
can  pr«le<iaiou,  the  publisher  truet*  111  at  ilwillujiBUu) 
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rUKE  {DANIEL  HACK),  M.D., 
Joint  author  ■>/  "  Tht  Manual  of  Ptychntogieal  Utdieine,"  Ae. 

ILLUSTRATIONS  OF  THE  INFLUP:NCP]  OF  THE  MIND  UPON 

T^E  BODY  IN  HRALTH  AND  DISEASE.  DeRifjrned  to  illDiitriit«  the  Avtion  of  the 
Imagination.  In  one  handsome  octavo  volume  of  416  page»,  cloth,  $3  25.  {Just  Issued.)  , 
The  object  of  the  author  in  this  work  has  been  to  show  not  only  the  effect  of  the  mind  In  caus- 
ing and  intensifying  dii>ease,  but  also  its  onratire  influence,  ond  the  use  which  may  be  made  of 
the  imngination  and  the  emotions  as  therapeutic  agents.  Scattered  facts  bearing  upon  this  snb- 
jfct  hare  long  been  familiar  to  the  profession,  but  no  attempt  bos  hitherto  been  made  to  collect 
and  systematise  them  so  as  to  render  them  available  to  the  practitioner,  by  establishing  the  seve- 
ral phenomena  upon  u  scientific  basis.  In  the  endeavor  thus  to  convert  to  the  use  of  legitimate 
medicine  the  means  which  have  been  employed  sn  successfully  in  many  systems  of  quackery,  the 
author  has  produced  a  work  of  the  highest  freshness  and  interest  as  well  us  of  permanent  value. 

DLANDFORD  [G.  FIELDING),  M.  D.,  F.  R.  C  P.,       ■ 

■MJ  hKcturtr  on  Pgychologieal  Medicine  at  thx  School »/  St.  Otnrge's  Hotpital,  Ae. 

INSANITY  AND  ITS  TREATMENT:  Lectures  on  the  Treatment, 

Medical  and   Legal,  of  Insane  Patients.     With  a  Summary  of  the  Laws  in  force  in  the 
United  States  on  the  Confinement  of  the  Insane.     By  Isaac  Rxr,  M.  D.     In  one  very 
handsome  octavo  volume  of  471  pages;  cloth,  $3  25. 
This  volume  is  presented  to  meet  the  want,  so  frequently  expressed,  of  a  comprehensive  tre»- 
tise,  in  moderate  compas.s,  on  the  pathology,  dingnosiii,  and  treatment  of  insanity.    Tu  render  it  of 
more  value  to  the  practitioner  in  this  country.  Dr.  Kay  has  added  an  appendix  which  affords  in- 
formation, not  elsewhere  to  be  found  in  so  accessible  a  form,  to  physicians  who  may  at  any  moment 
be  called  upon  to  take  action  in  relation  to  patients. 

It  satlKflei  a  want  which  most  have  beea  sorely  actually  seen  In  practice  and  the  appropriate  treat- 
felt  liy  the  busy  general  praciitluoerH  of  this  country,  meat  for  them,  we  Had  in  Dr.  Blaudfurd'n  wurk  a 
It  takeM  the  rurm  of  a  mitaaul  of  cliuical  daicriptlon  cunalderable  adTanee  over  previuua  writinga  un  the 
of  the  varlua*  form«  of  inifaaity,  with  a  description  sabject.  His  pictures  of  the  various  furmit  uf  mental 
of  the  mode  of  examining  pervuas  anspected  uf  in-  ;  dineaae  are  so  clear  and  good  ttiat  no  reader  can  fail 
•anlty.  We  call  particular  alteation  to  thi»  feature  '.  lo  be  struck  with  their  superiurlty  to  tliose  given  in 
of  the  book,  as  giving  it  a  unique  ratne  tu  the  gene-  :  irdinary  raaauals  in  the  Kuglisli  langnags  ur  |sa  far 
ral  practitioner.  If  we  pass  from  theoretical  cunHide-  ,  as  our  own  reading  extend*)  In  any  ottier. — Lontton 
rations  to  descriptions  of  the  varieties  of  IniiaDiiy  as  j  Prnctitionr.r,  Feb.  IbTl. 

INSLOW  (FORBES),  M.D.,'d7c7l.,^c^ 

ON  OBSCURE  DISEASES  OF  THE  BRAIN  AND  DISORDERS 

OF  THE  MIND;  their  incipient  Symptoms,  Pathology,  Diagnosis,  Treatment,  and  Pro- 
phylaxis. Second  American,  from  the  third  and  revised  English  edition.  In  one  handsome 
octavo  volume  of  nearly  600  pages,  cloth,  $4  25. 


W: 


J  EA  (HENRY  C). 

SUPERSTITION    AND    FORCE:    ESSAYS    ON    THE   WAGER  OF 

LAW,  THE  WAQER  OF  BATTLE,  THE  ORDEAL,  AND  TORTURE.  Second  Edition, 
Enlarged.  In  one  handsome  volume  royal  12mo.  of  nearly  SCO  pages;  oloth,  $2  75. 
(LMttly  PubUshtd.) 

We  Itnuw  of  no  single  woric  which  contains,  In  so  -  interesting  phases  of  hnman  society  and  progress.  .  . 
small  acumpase,so  uineh  lIluslratlveoftheHtrangeKt  The  fulness  and  breadth  with  which  he  has  carried 
operation*  uf  the  haman  mind.  Foot-note*  give  ihe  uut  hi*  comparative  sarvey  of  this  repulsive  Held  of 
anthurity  for  each  statement,  showing  vaat  reaearch  history  [TurtureJ,  are  such  as  to  precinde  our  doing 
and  wonderful  induntry.  We  advise  our  eonfrtm  Justice  to  the  work  within  our  prevent  limits.  Bat 
to  read  this  bookand  ponder  its  teachings. — Chicago  '  here,  a*  throughout  the  volume,  there  will  t>e  found 
Jfed.  Journal,  Aug.  1870.  a  wealth  of  Illustration  and  a  critical  grasp  of  the 

As  a  work  of  curious  inquiry  on  certain  outlying    philosophical  import  of  facts  which  will  render  Ut. 
points  of  obsolete  law.  ••  Superstition  and  Force"'  i*  1  J**'*  *»'""■»  "'  ;'«/''"8  value  to  the  historical  sta- 
one  of  the  most  remarkable  books  we  have  met  with,  i  deaU—Lofulon  Saturday  BevUio,  Oct.  B,  lb70. 
—London  Athenanta,  Nov.  a,  1IMJ6. 

He  has  thrown  a  great  deal  of  light  upon  what  must 
be  regarded  as  one  of  the  must  instractlve  as  well  as 


As  a  book  of  ready  reference  on  the  subject,  it  is  of 
the  highest  value.— tCeWmiiuter  Ktcitio,  Oot.  1647. 


DT  THE  SAMB  AUTHOR.    (LaUay  PublUhtd.) 

STUDIES  IN  CHURCH  HISTORY— THE  RISE  OF  THE  TEM- 
PORAL POWER— BENEFIT  OF  CLKRaY— EXCOMMUNICATION.  In  one  Urge  royal 
12mo.  volume  of  516  pp.  cloth,  f  2  75. 

The  story  was  never  told  more  calmly  or  with  i  literary  phenomenon  that  the  head  of  one  of  the  first 
greater  learning  ur  wioer  thought.    We  duubt,  indeed,  !  Aui«rlcaa  huuses  la  also  the  writer  of  some  of  its  most 
If  any  other  study  of  this  field  can  be  compared  with    origiual  books. — London  Athenttum,  Jan.  7,  Ib7I. 
ihu  for  ciearncs   accuracy,  and  power.-c%tovo  I     j,,.  l„  i,„  ju„,  g^eat  honor  to  himself  and  this 
Examiner,  uec.  i«.70.  I  country  by  the  admirable  works  be  has  written  on 

Ur.  Lea'*  latest  wurk,  "Studies  in  Church  History,"  {  eecleaioluglcalaadcugnatesubjeots.  We  havealready 
fnlly  sustains  the  promise  of  the  first.  It  deals  with  i  bad  occasion  to  eoumend  his  "Superattllon  and 
three  subjects — the  Temporal  Power,  Benefit  of  .  Force"  and  his  "History  uf  Sacerdotal  tiellbaey." 
Clergy,  and  Kxcommunlcation,  the  record  of  which  i  The  pre»ent  volume  is  fully  as  admirable  la  tu  me- 
has  a  peculiar  Importance  for  the  Knglish  student,  and  thodofdeallngwlih  topics  and  in  the  thoroughness^ 
Is  a  chapter  uo  Ancient  Law  likely  to  be  regarded  as  a  quality  so  frequently  laoklngin  American  authors- 
Baal.  We  can  hardly  pass  from  oar  mention  of  saeh  '  with  which  they  are  investigated.—^,  f.  Journal  <f/ 
works  as  these— with  which  that  on  "Sacerdotal  ,  Pryohol.  Mtdietne,  Jnly,  1870. 
Oelibacy"  should  be  laelnded— without  noting  the  I 
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